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Charles  E.  Billings* 1895 Hartford,  Conn. 

John  Fritz 1895—1896 Bethlehem,  Pa. 

[Note.— The  former  Presidenta  of  the  Society  are  memberfl  of  the  Council  for  life  or  daring 
thetr  retention  of  mctire  membership  in  the  Society.] 

*  Unexpired  term  of  E.  P.  C.  Davis. 


PAST    OFFICERS. 

(Executive.) 
PRESIDENTS. 
R.  H.  Thurston  (April  7th,  1880— Nov.  8d,  1882).  E.  D.  Leavitt.  Jr.  (Nov.  3d. 
1882— Nov.  3d.  1883).  John  E.  Sweet  (Nov.  3d,  1883— Nov.  7ih,  1884),  J.  F. 
HoLLOWAY  *  (Nor.  7th,  1884— Nov.  13th,  1885),  Coleman  Sellers  (Nov.  13th, 
1885— Dec.  2d,  1886).  Geo.  H.  Babcock  \  (Dec.  2d,  1886— Dec.  1st,  1887).  Horace 
Sek  (Dec.  l8t.  1887— Oct.  18th,  1888),  Henry  R.  Towne  (Oct.  18th,  1888— Nov. 
22d.  1889),  Oberlin  Smith  (Nov.  22d,  1889— Nov.  14th,  1890).  Robt.  W.  Hunt 
(Nov.  14ih.  1890— Nov.  20th,  1891),  Chas.  H.  Lorinq  (Nov.  20th,  1891— Nov. 
29th,  1892).  EcKLEY  B.  CoxeJ  (Nov.  29th,  1892— Dec.  4th,  1894),  E.  F.  C.  Davis  § 
(Dec.  4th,  189f4— Aucr.  6th,  1895).  Chas.  E.  Billings  |  (Aug.  6ih,  1895— Dec.  3d, 
1895).  John  Fritz  (Dec.  3d,  1895— Dec.  5th,  1896). 

TREASURERS  AND  SECRETARIES, 
Treasurers.^LYCXjnovs  B.  Moorb  (April  7th,  1880— Dec.  2d,  1881),  Cnis.  W. 

CoPELAND*^(Dec.  2d.  1881— Nov.  7th,  1884). 

-Secre^irie*  — Lycurgus  B.  Moore  {Aetiag,  April  7th.  1880— Nov.  4th,  1880). 

Thob  Whiteside  Rae»*  (Nov.  4th.  1880^March  Int, 


MEMBERS  OF  PREVIOUS  COUNCILS. 
VICE-PRESIDENTS, 

UKNHY  R.    WORTHINGTON.ff    COLEMAN    SiCLLBBS,    ECKLBY  B.    CoXR^f   Q,   A. 

Gillmorb,  Wm.  H.  Shock,  Alex.  L.  Holley.JJ  F.  A.  Pratt,  W.  P.  Trow- 
bridge, §§  E.  D.  Leavitt,  Jr.,  Chas  E.  Emkhy,  John  Fritz,  Hfnry  Morton, 
Wm.  Metcalf.  S.  B.  Whiting,  A.  B.  Couch,  W.  R.  Eckhart,  J.  V.  Merrick. 
Charles  W.  CoPELAND,*r  Olin  Landreth.  Henry  R.  Towne,  C:  H.  Loring. 
Horace  See,  Allan  Stirling.  Jos.  Morgan,  Jk.,  C.  T.  Porter,  Hokace  8. 
Smith,  W.  S.  Q.  Baker,  H.  G.  Morris,  C.  J.  H.  Woodbury,  Thos.  J.  Borden. 
Wm.  Kent,  Chas.  B.  Richards,  Joel  Sharp.  Geo.  W.  Weeks,  De  Volson 
Wood.  S.  W.  Baij>win.  John  F.  Pankhurst,  Alexander  Gordon.  Geo.  I. 
Aldkn.  E.  F.  C.  Davis.  Irving  M.  Scott.  C  W.  HuJ4t,  Tiios.  R.  Pickering, 
Ei>win  Reynolds.  C.  E.  Billings,  Pbkcival  Roberts,  Jr.,  H.  J.  Small,  F. 
H.  Ball,  Jessf.  M.  Smith,  and  M.  L.  Holman. 

MANAGERS. 
\V.  P.  Tkowbiudge,  §g  T.  N.  Ely,  J.  C.  Hoadley,  ||  Washington  Jones. 
Wm.  B.  Cogswell.  F.  A.  Pratt,  Chas.  B.  Richards.  S.  B.  Whiting,  J.  F.  Hol- 
low a  y;  Geo.  W.  Fisher,  Allan  Stirling,  Geo.  H.  Babcock,  S.  W.  Robinson, 
J  NO.  E.  Sweet.  R  W.  Hunt,  Chas.  T.  Porter,  C.  J.  H.  Woodbury.  W.  F. 
Dtjrfee,  Oberlin  Smith,  C.  C.  Worthington,  Wm.  Lee  Church.  Wm. 
Hewitt.  C.  H.  Morgan,  H.  A.  Hill,  Wm.  Kent,  8.  T.  Wbllman,  F.  G. 
CooGiN.  J.  T.  Hawkins,  T.  R.  Momgan,  Sr.,  S.  W.  Baldwin,  Fred'k  Grin- 
NBU.,  Morris  Sellers,  Frank  H.  Bali-,  Geo.  M.  Bond.  Wm.  Forsyth,  Jas. 
E,  Denton.  Cahleton  W.  Nason,  H.  H.  Westinghousk,  Anduew  Fletcher, 
WoRCFSTER  R.  Warnrr,  Coleman  Srllers  Jr..  Jas.  M.  Dodge.  Robt.  For- 
syth. Jes«e  M.  Smith,  Chas.  H.  Manning.  C.  W.  Pusey,  John  Thomson,  John 
B.  Herrrshoff,  L.  B.  Miller,  and  W.  S.  Russel. 


•  Died,  Sept.  iPt,  1896.  t  Died,  Der.  16, 1803.  t  Died,  May  13, 1805. 

$  Died.  Aog.  6, 1896.  S  Uncxpi  ed  term  of  Mr.  Da\i8.  1  Died.  Feb.  7,  1895. 

••  Died,  May  27,  189:<.  ft  Died,  Dec.  17,  1880.  U  Died,  Jan.  29,  1882. 

H  Died,  Ang  12,  1892.  \l  Died,  Oct.  21, 1886. 


NOTE. 

The  considerable  bulk  of  the  annual  Tolume  of  IVansaction^  has  Induced  tlie 
Publication  CommitteH  to  direct  that  the  full  list  of  members  of  the  Society 
should  be  omitted  from  the  preliminary  matter  therein.  The  list  which  would 
have  been  published  in  this  volume  is  that  which  was  corrected  up  to  July,  1897, 
and  which  was  issued  at  that  time  in  pamphlet  form  as  a  second  edition  of  the 
Eighteenth  Catalogue.  The  following  summary  records  the  number  of  member.^ 
in. each  grade : 

Honorary  Members 15 

Members 1,8~)5> 

Associate  Members Ill 

Junior  Members ...      318 

Total  Membersh  i  p 1 ,  799 

Life  Members* 68 

*  These  Life  Members  are  included  in  the  total  membership  mbove,  in  the  class  to  which 
they  belong. 


RULES   OF  THE  AMERICAN  SOCIETY   OF 
MECHANICAL   ENGINEERS. 


Abt.  1.  The  objects  of  the  American  Society  of  Mechanical 
Snoineebs  are  to  promote  the  Arts  and  Sciences  connected  with 
Engineering  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  tvnd  discussion  of  profes- 
sional papers,  and  to  circulate,  by  means  of  publication  among 
its  members,  the  information  thus  obtained. 

Art.  2.  All  persons  connected  with  engineering  may  be  eli- 
gible for  admission  into  the  Society. 

Art.  3.  The  Society  shall  consist  of  Honorary  Members, 
Members,  Associates,  and  Juniors. 

Art.  4.  Honorary  Members,  not  exceeding  twenty-five  in 
number,  may  be  elected.  They  must  be  persons  of  acknowl- 
edged professional  eminence. 

Art.  5.  To  be  eligible  as  a  Member,  the  candidate  must  be 
not  less  than  thirty  years  of  age,  and  must  have  been  so 
connected  with  engineering  as  to  be  competent  as  a  designer 
or  as  a  constructor,  or  to  take  responsible  charge  of  work  in 
his  department,  or  be  must  have  served  as  a  teacher  of  engineer- 
ing for  more  than  five  years. 

Note. — The  Rules  of  the  Society,  adopled  in  1880.  were  in  force  until  1884, 
when  they  received  a  general  revision  hy  a  careful  committee,  whose  report,  dia- 
tribnied  by  letter  ballot,  was  adopted  November  5,  1884.  In  December,  1894, 
a  rimihir  extensive  revision  was  made  under  direction  of  the  Council,  and  the 
present  rules  are  those  of  1894.  They  include  the  amendments  made  in  1889, 
1891,  and  1898,  which  were  the  only  changes  since  the  revision  of  1884. 
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Abt.  6.  To  be  eligible  as  an  Associate,  the  candidate  must 
be  not  less  than  twenty-six  years  of  age,  and  must  have  the  other 
qualifications  of  a  member  ;  or  he  shall  have  been  so  connected 
with  engineering  as  to  be  competent  to  take  charge  of  work, 
and  to  cooperate  with  engineers. 

Art.  7.  To  be  eligible  as  a  Junior,  the  candidate  must  have 
had  such  engineering  experience  as  will  enable  him  to  fill 
a  responsible  position,  or  he  must  be  a  graduate  of  an  engineer- 
ing school. 

Art.  8.  All  Honorary  Members,  Members,  and  Associates 
shall  be  equally  entitled  to  the  privileges  of  membership.  Jun- 
iors shall  not  be  entitled  to  vote,  nor  to  be  officers  of  the 
Society. 

.  Art.  9.  Nominees  for  Honorary  Membership  must  be  pro- 
posed by  at  least  five  Members  who  are  not  officers  of  the 
Society.  Eeferences  shall  not  be  required  of  a  nominee  for 
Honorary  Membership,  but  the  grounds  upon  which  the  appli- 
cation is  made  must  be  fully  set  forth  in  writing  and  signed  by 
the  proposers. 

Art.  10.  A  candidate'  for  admission  to  the  Society,  as  a 
Member  or  as  an  Associate,  must  make  an  application  on  a  form 
to  be  prepared  by  the  Council,  which  shall  contain  a  written 
statement  giving  a  complete  account  of  his  engineering  ex- 
perience and  an  agreement  that  he  will,  if  elected,  conform 
to  the  laws,  rules,  and  requirements  of  the  Society.  He  must 
refer  to  at  least  five  Members  or  Associates  personally  known 
to  him.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  an  application  on  the  same  form  and  refer  to  not 
less  than  three  Members  or  Associates  personally  known  to 
him. 

Art.  11.  The  referees  for  each  candidate  for  admission  to 
the  Society  shall  be  requested  to  make  a  confidential  communi- 
cation on  a  form  to  be  prepared  by  the  Council,  setting  forth  in 
detail  such  information,  personally  known  by  the  referee,  as 
shall  enable  the  Council  to  arrive  at  a  proper  estimate  of  Jbhe 
eligibility  of  the  candidate  for  admission  to  the  Society.  Such 
confidential  communications  shall  be  destroyed  by  the  Secretary 
as  soon  as  the  vote  has  been  officially  declared. 

Art.  12.  All  applications  for  membership  must  be  presented 
to  the  Council,  and  this  body  shall  consider  each  application, 
assigning  to  each,  with  the  applicant's   consent,  the  grade  in 
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the  Society  to  which,  in  its  opinion,  his  qualifications  entitle 
him.  The  names  of  those  candidates  recommended  for  election 
by  the  Society  shall  be  immediately  printed  on  a  ballot,  and  the 
ballot  mailed  at  once  by  the  Secretary  to  each  voting  member 
of  the  Society.  Persons  desiring  to  change  their  grade  of 
membership  from  junior  to  associate  or  from  associate  to 
member  shall  make  an  application  in  the  same  manner  and  on 
the  same  form  as  that  required  for  a  new  applicant. 

Art.  13.  A  member  entitled  to  vote  may  leave  the  name  of 
any  candidate  on  the  ballot  untouched  to  vote  in  favor  of  the 
admission  of  the  candidate  to  the  Society,  or  he  may  erase  the 
name  to  vote  against  it.  He  shall  enclose  the  ballot  so 
approved  by  him  in  a  sealed  blank  envelope,  and  enclose  this 
envelope  in  a  second  envelope,  on  which  he  shall  write  his 
name,  and  mail  the  same  to  the  Secretary  of  the  Society.  A  bal- 
lot without  such  endorsement  shall  be  rejected  as  defective. 
The  rejection  of  a  candidate  by  seven  voters  shall  defeat  his 
election. 

Art.  14  The  aforesaid  envelopes  containing  the  ballots  shall 
be  opened  by  the  Council,  at  any  meeting  thereof,  and  the  names 
of  those  elected  shall  be  announced  in  the  next  meeting  of  the 
Society.  The  names  of  applicants  not  elected  shall  not  be  an- 
nounced, nor  recorded  in  the  proceedings. 

Art.  15.  Endorsers  of  any  applicant  not  elected  may,  within 
three  months  after  such  failure  to  be  elected,  lay  before  the 
Council  written  evidence  that  an  error  was  then  made.  The 
Ck»uncil  may  then,  by  a  three-fourths  vote,  order  another  similar 
ballot  by  the  Society,  in  which  case  thirteen  negative  votes  shall 
be  required  to  defeat  the  candidate. 

Art.  16.  Honorary  members  shall  be  elected  by  the  unani- 
mous vote  of  the  Council,  through  a  letter  ballot,  not  less  than 
sixty  days  subsequent  to  the  proposal,  a  notice  of  which  pro- 
posed election  shall  have  been  mailed  at  once  by  the  Secretary 
to  each  member  of  the  Council. 

Art.  17.  Each  person  elected,  excepting  honorary  members, 
must  subscribe  to  the  Rules  of  the  Society,  and  pay  the  initia- 
tion fee  before  he  can  receive  a  certificate  entitling  him  to  the 
rights  and  privileges  of  the  Society,  and  to  wear  the  emblem 
appropriate  to  his  grade.  If  this  payment  is  not  made  within 
six  months  of  the  election,  the  same  shall  be  void,  unless  the 
time  is  extended  by  the  Council.     The  emblems  of  each  grade 
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of  membership  shall  be  worn  by  those  only  who  belong  to  that 
grade. 

Abt.  18.  The  initiation  fee  of  a  member  or  an  associate  shall 
be  twenty-five  dollars,  and  the  annual  dues  shall  be  fifteen  dol- 
lars, payable  in  advance.  The  initiation  fee  of  a  junior  shall  be 
fifteen  dollars,  and  his  annual  dues  ten  dollars,  payable  in  ad- 
vance. A  junior  being  promoted  to  any  other  grade  of  member- 
ship shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any 
member  or  associate  may  become  a  Life  Member  in  the  same 
grade,  by  the  payment  of  two  hundred  dollars  at  one  time,  and 
shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by 
unanimous  vote,  through  a  letter  ballot,  to  admit  to  life  member- 
ship, without  the  payment  of  the  sum  above  named,  such  person 
as  for  a  long  term  of  years  has  been  a  member  or  an  associate, 
when  such  a  procedure  would  in  its  judgment  be  for  the  best 
interests  of  the  Society ;  provided  that  notice  of  such  actiou  shall 
have  been  given  at  a  previous  meeting  of  the  Council. 

Art.  19.  Any  member  of  the  Society  in  arrears  may,  at  the 
discretion  of  the  Council,  be  deprived  of  the  publications  of  the 
Society,  or,  when  in  arrears  for  one  year,  he  may  be  stricken 
from  the  list  of  members.  Such  person  may  be  restored  to  the 
privileges  of  membership  by  the  Council  on  payment  of  all 
arrears. 

Art.  20.  The  affairs  of  the  Society  shall  be  managed  by  a 
Council,  consisting  of  a  President,  six  Vice-Presidents,  nine 
Managers,  and  a  Treasurer,  who  shall  also  be  the  Trustees  of 
the  Society. 

All  past  (ex)  Presidents  of  the  Society,  while  they  retain 
their  membership  therein,  shall  be  known  as  Honorary  Coun- 
cillors, and  shall  be  entitled  to  receive  notices  of  all  meetings  of 
the  Council  and  may  take  part  in  any  of  its  deliberations  ;  they 
shall  be  entitled  to  vote  upon  all  questions  except  such  as  affect 
the  legal  rights  or  obligations  of  the  Society  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Society  at  the  annual 
meetings,  and  shall  hold  office  as  follows : 

The  President  and  the  Treasurer  for  one  year ;  and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall 
have  held  that  office  for  two  consecutive  years ;  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years ;  and  no 
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Vice-President  or  Manager  shall  be  eligible  for  immediate  re- 
election to  the  same  office  at  the  expiration  of  the  term  for  which 
he  was  elected. 

Abt.  22.  A  Secretary,  who  shall  be  a  member  of  the  Society, 
shall  be  appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as 
soon  thereafter  as  the  votes  of  a  majority  of  the  members  of  the 
Council  can  be  secured  for  a  candidate.  The  Secretary  may  be 
removed  by  a  vote  of  twelve  members  of  the  Council,  at  any 
time  after  one  month's  notice  has  been  given  him  by  a  majority 
of  its  members  to  show  cause  why  he  should  not  be  removed, 
and  he  has  been  heard  to  that  effect.  The  Secretary  may  take 
part  in  any  of  the  deliberations  of  the  Council,  but  shall  not 
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is  appointed  by  a  majority  vote  of  the  Council. 
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Presidents,  three  Managers  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  of  each  shall  continue  until  the  end  of  the 
meeting  at  which  their  successors  are  elected. 

Abt.  24.  The  duties  of  all  officers  shall  be  such  as  usually 
pertain  to  their  offices  or  may  be  delegated  to  them  by  the 
Council  or  by  the  Society.  The  Council  may,  in  its  discretion, 
require  bonds  to  be  given  by  the  Treasurer. 

Art.  26.  The  Council  may,  by  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure 
for  one  year,  from  inability  or  otherwise,  to  attend  the  Council 
meetings,  or  to  perform  the  duties  of  his  office.  All  such  va- 
cancies and  those  occurring  by  death  or  resignation  shall  be 
filled  by  the  appointment  of  the  Council,  and  any  person  so  ap- 
pointed shall  hold  office  for  the  remainder  of  the  term  for  which 
his  predecessor  was  elected  or  appointed ;  provided  that  the 
said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Art.  26.  Five  members  of  the  Council  shall  constitute  a 
quorum.  Members  of  the  Council  absent  from  a  meeting  may 
vote  by  letter  upon  subjects  stated  in  the  call  for  the  meeting, 
said  vote  to  be  deposited  with  the  Secretary. 

Art.  27.  The  President  on  assuming  office  shall  appoint  a 
Finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  members  each.  The  appointment  of  two 
members  of  each  Committee  shall  expire  at  the  end  of  each 
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Art.  41.  Unless  otherwise  ordered,  papers  shall  be  read  in 
the  order  in  which  their  text  is  received  by  the  Secretary. 
Before  any  paper  appears  in  the  Transdctions  of  the  Society,  a 
copy  of  the  paper  shall  be  sent  to  the  author,  and,  so  far  as 
possible,  a  copy  of  the  reported  discussion  shall  be  sent  to 
every  member  who  took  part  in  the  same,  with  requests  that 
attention  shall  be  called  to  any  errors  therein. 

Art.  42.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions, 
except  in  the  matter  of  official  publication  with  the  Society's 
imprint,  as  its  TVansadions.  The  Secretary  shall  have  sole 
possession  of  papers  between  the  time  of  their  acceptance  by 
the  Publication  Committee  and  their  reading,  together  with  the 
drawings  illustrating  the  same  ;  and  at  the  time  of  such  reading, 
or  as  soon  thereafter  as  practicable,  he  shall  cause  to  be  printed, 
with  the  authors'  consent,  copies  of  such  papers,  "  subject  to  re- 
vision," with  such  illustrations  as  are  needed  for  the  Tratisao 
iionSf  for  distribution  to  the  members  and  for  the  use  of  technical 
newspapers,  American  and  foreign,  which  may  desire  to  reprint 
them  in  whole  or  in  part.  The  policy  of  the  Society  in  this 
matter  shall  be  to  give  papers  read  before  it  the  widest  circula- 
tion possible,  with  the  view  of  making  the  work  of  the  Society 
known,  encouraging  mechanical  progress,  and  extending  the 
professional  reputation  of  its  members. 

Art.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use, 
and  all  members  shall  have  the  right  to  order  any  number  of 
reprints  of  papers  at  a  cost  to  cover  paper  and  printing ;  pro^ 
videdy  that  said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the 
statements  of  fact  or  opinion  advanced  in  papers  or  discussions, 
at  its  meetings ;  and  it  is  understood  that  papers  and  discus- 
sions should  not  include  matters  relating  to  politics  or  purely 
to  trade. 

Art.  45.  These  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-thirds  vote  of  the  members  present;  provided^  that 
written  notice  of  the  proposed  amendment  shall  have  been 
given  at  a  previous  meeting. 
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DCXCIX. 

PROCEEDINGS 

OF    THE 

NEW  YORK  MEETING 

(XXXlVth) 

OF  THB 

AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS, 

December  let  to  December  4th,  1896. 


The  seventeenth  annual  meeting  of  the  Society  (being  also  the 
thirty-fourth  convention)  was  convened  in  New  York  city  on 
Tuesday,  December  1,  1896,  in  the  auditorium  of  the  Society 
house.  It  was  early  evident  that  an  unusually  large  attendance 
was  to  be  expected,  and  before  the  hour  set  for  the  president's 
opening  address  the  rooms  were  full. 

The  meeting  was  called  to  order  about  nine  in  the  evening  by 
President  John  Fritz,  who,  after  a  few  words  of  greeting,  delivered 
his  address,  entitled  "  The  Progress  in  the  Manufacture  of  Iron 
and  Steel  in  America,  and  the  Relations  of  the  Engineer  to  If 
It  was  illustrated  by  models  of  the  tools  used  in  the  lathe  which 
had  been  built  to  handle  massive  ingots  and  forgings  as  compared 
with  the  old  hand-tool,  which  Mr.  Fritz  had  himself  used,  before 
the  slide-rest  was  introduced,  and  when  he  was  an  apprentice  lad. 
The  end  of  the  hall  behind  the  speaker  was  covered  by  a  full-size 
drawing  of  the  modern  large  lathe  with  a  full-size  ingot  in  place. 
After  the  reading  Messrs.  Jaques,  Carnegie,  Hunt,  Wellman,  Kent 
Forsythe,  and  Stirling  spoke  in  complimentary  reference  to  the 
American  progress  in  steel-making  and  Mr.  Fritz's  relation  to  it. 

Messrs.  Bonner  and  Rockwood  were  appointed  tellers  by  the 
-chair  to  count  the  ballots  cast  for  officers  of  the  Society  for  the 
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coming  year,  and  to  report  at  the  business  session  on  the  follow- 
ing morning.  A  social  reunion  of  members  followed  the  adjourn- 
ment. 

Second  Day.    Wednesday,  December  2d. 

The  regular  sessions  of  the  annual  meeting  began  with  the 
session  of  this  morning,  at  ten  o'clock,  in  the  auditorium.  The 
registration  of  members  indicated  that  the  size  and  numerical 
success  of  the  meeting  were  to  be  phenomenal.  The  plan  was. 
again  adopted  of  numbering  the  lines  on  the  ofScial  register,  and 
providing  that  a  monogram  button  badge  worn  at  the  convention 
should  bear  a  number  corresponding  to  the  number  on  the  register. 
Fresh  reprints  from  the  oflScial  register  were  distributed  every 
morning,  giving  the  latest  additions,  and  thus  it  will  be  seen  that 
every  one  could  immediately  ascertain  the  name  of  every  one  else^ 
without  the  embarrassment  of  a  direct  question  to  this  end,  and 
the  practical  result  showed  that  the  meeting  was  one  of  the  most 
successful  on  the  social  side  that  had  ever  been  held.  The  register 
showed  the  following  persons  in  attendance  from  the  list  of  mem- 
bers. The  total  registered,  including  guests,  was  five  hundred  and 
forty-six. 
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Williams,  Franklin.  Wood,  Matthew  P.  Wjman,  H.  W. 

WniianxB,  Howard  E.  Woodbury,  C.  J.  U.  Yereance,  Wm.  B. 

Willis,  Ed.  J.  Woolson,  Ira  H.  York.  H.  W. 

WlDship,  J.  G.  Woolson,  O.  C.  Young,  Wm.  S. 

Wood,  De  Volson.  Worthlngton,  C.  C.  Zehnder,  Chas.  H. 

Wood,  Jos.  L.  Wright,  Jas.  Knox.  ZImmermaDn,  Wm.  P. 
Wiiirht.  Louis  8. 

The  first  business  of  the  General  Session  was  the  Annual 
Reports  of  the  Council  and  the  Standing  Committees,  which 
were  read  by  the  Secretary  as  follows : 

ANNUAL  BEPOBT  OF  THE  COUNCIL. 

The  Council  must  begin  the  Annual  Beport  to  the  Society,  of 
business  which  has  been  transacted  during  the  Society  year,  by 
referring  to  the  loss  which  has  been  experienced  in  the  death  of 
one  of  the  members  of  the  Honorary  Council,  past  President 
J.  F.  Holloway.  The  minute  passed  by  the  Council  at  its  first 
meeting  subsequent  to  Mr.  HoUoway's  death  is  as  follows : 

IN  MEMORIAM. 

The  American  Society  of  Mechanical  Engineers  desires  to 
place  upon  the  records  of  the  Society  and  of  its  Council  a 
minute  expressive  of  the  sense  of  personal  loss  and  sorrow 
which  its  members  feel  upon  the  death  of  Mr.  J.  F.  Holloway, 
member  of  the  Society  and  Past  President. 

Mr.  Holloway  had  been  one  of  the  charter  members  of  the 
Society,  connecting  himself  with  it  in  1880,  and  had  been  the 
moving  spirit  in  the  conduct  of  one  of  its  most  successful  meet- 
ings of  those  early  years — that  in  the  city  of  Cleveland,  in  1883. 
The  Society,  recognizing  his  ability  as  an  engineer  and  execu- 
tive, made  him  its  choice  to  the  office  of  president  for  the  term 
1884-85,  and  his  wise  counsel  and  enthusiastic  interest  in  the 
Society  and  its  welfare  made  his  service  among  the  Board  of 
Honorary  Councillors  an  opportunity  for  enlisting  his  coopera- 
tion in  much  that  has  concerned  the  growth  of  the  Society 
during  the  time  since  1889.  In  addition,  he  had  been  a  trusted 
member  of  the  Finance  Committee  of  the  Society  during  the 
time  of  his  residence  in  New  York  City. 

The  formal  mould  of  resolutions  does  not  seem  to  fit  a  proper 
voicing  of  the  spirit  which  pervades  the  Society  at  the  death  of 
one  whom  its  members  had  grown  to  know  so  well,  and  particu- 
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larly  whom  they  had  learned  to  respect  and  love  as  a  man.  The 
singularly  sound  judgment,  his  business  and  professional  expe- 
rience, his  unfailing  tact  and  unselfish  devotion  to  the  interests 
of  engineering  and  those  who  professed  it,  and  above  all  his 
self-effacing  consideration  for  others,  made  him  one  whom  the 
Society  will  most  profoundly  miss. 

While  strangers  can  with  but  bated  breath  refer  to  the  nearer 
and  closer  loss  which  has  come  to  the  members  of  Mr.  Hollo- 
way's  family,  the  members  of  the  Council  would  yet  venture  to 
tender  their  heartfelt  sympathy  in  the  bereavement  which  his 
death  has  caused. 

Besolved,  That  tbe  Secretary  be  directed  and  requested  to  arrange  for  a  session, 
outside  tbe  regular  series,  to  be  provided  at  the  annual  meeting,  at  which  an 
opportunitj  may  be  given  to  the  friends  of  Mr.  Hollo  way  to  give  voice  to  the 
feeling  of  loss  and  esteem  which  they  would  desire  to  record. 

Resolved,  That  copies  of  the  proceedings  of  that  Memorial  Session  and  of  the 
action  of  the  Council  be  sent  to  the  family  of  the  late  Past  President,  J.  F. 
Holloway. 

The  Council  has  held  five  meetings  during  the  year  for  the 
transaction  of  the  regular  routine  business  and  the  considera- 
tion of  new  matters  affecting  the  policy  of  the  Society.  The 
routine  business  has  been  the  consideration  of  blank  applica- 
tions for  membership  and  the  grading  of  such  applicants  pursu- 
ant to  the  provisions  of  the  Bules  and  the  judgment  of  the 
Council  in  applying  them.  The  membership  of  the  Society, 
including  those  passed  for  ballot  previous  to  this  annual  meet- 
ing, is  as  follows : 

Honorary  members 16 

Members 1,842 

Associate  members 104 

Junior  members 800 

Total  membership 1,7G2 

Life  members 65 

The  Council  has  received  many  applications  from  libraries  of 
technical  schools  and  public  libraries  for  the  receipt  of  its  vol- 
umes of  Transactions  as  a  gift  for  use  in  their  reference  depart- 
ments. The  Council  has  felt  desirous  of  meeting  the  wishes 
embodied  in  these  requests,  in  view  of  the  benefits  which  the 
papers  of  the  Society  may  be  expected  to  confer  and  the  advan- 
tage of  being  well  and  favorably  known  among  the  users  of  such 
collections.     The  difficulty,  however,  of  meeting  the  very  con- 
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The  Oouncil  has  appointed  a  committee  to  prepare  sucli 
material  as  may  be  necessary,  which  may  be  used  in  opposition 
to  legislation  seeking  to  make  the  Metric  System  and  its  use 
compulsory  in  the  United  States.  The  Council  has  appointed 
as  such  committee  Messrs.  Coleman  Sellers,  John  E.  Sweet, 
Charles  T.  Porter,  Gteorge  M.  Bond,  and  Coleman  Sellers,  Jr. 
There  is  also  lying  upon  the  table  the  proposition  for  the 
Council  to  appoint  a  committee  to  consider  and  report  a  satis- 
factory classification  and  index  system  in  the  field  of  engineering. 

Through  the  kindness  of  Mr.  D.  N.  Melvin,  member  of  the 
Society,  a  linoleum  for  the  approach  to  the  Auditorium  has 
been  specially  manufactured  for  the  hallway,  and  presented  to 
the  Society.  It  embodies  a  design  which  includes  the  Society's 
emblem  with  its  initials,  and  is  a  unique  specimen  of  such  work. 
Suitable  recognition  has  been  sent  to  Mr.  Melvin  and  to  the 
American  Linoleum  Manufacturing  Co. 

The  Council  has  considered  the  invitation  presented  by  the 
Engineering  Association  of  the  South  to  hold  its  meeting  in 
May,  1897,  in  the  city  of  Nashville,  and  the  invitation  extended 
by  members  of  the  Society  to  meet  at  that  time  in  the  city  of 
Milwaukee,  Wisconsin.  It  has  seemed  best  for  the  Council  to 
decide  to  meet  in  an  Eastern  city,  and  the  invitation  to  meet  in 
Nashville  has  therefore  been  politely  declined,  with  thanks. 
The  Council  announces,  therefore,  that  the  spring  meeting  of 
1897  will  probably  be  in  Hartford,  Connecticut. 

The  Council  would  also  report  for  record  the  deaths,  since  the 
last  annual  meeting,  of  the  following  persons : 

D.  K.  Clark,  January  22d ;  Nat  W.  Pratt,  March  10th ;  A. 
Plamondon,  February  19th;  Frank  Cawley,  April  6th;  A.  H. 
Smith,  April  24th  ;  W.  W.  Smith,  July,  1896 ;  J.  F.  Holloway, 
September  1 ;  E.  S.  Cronise,  September  19th  ;  S.  D.  Locke,  Octo- 
ber, 1896 ;  Jos.  S.  Ludlam  ;  Levi  K  Fuller,  October  10th. 


APPENDIX. 

ApHl  11, 1896. 

To  Senator  Squibe,  op  Washington,  and  to  Hon.  Francis  "W^ilson,  op 
New  York,  and  to  the  Chairman  op  Committee  on  Naval  Afpairs. 

Dear  Sirs:  The  American  Society  of  Mechanical  Engineers  has  a  membership 
of  about  eisrhteen  handred,  embracing  a  large  number  of  the  most  eminent  engi- 
neers of  the  country,  many  of  whom  were  in  the  naval  servine  during  the  late 
war. 

Its  governing  body,  or  Council,  has  had  its  attention  called  to  bills  now  before 
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Congress,  known  as  the  Wilflon-Sqaire  bills,  which  Lave  for  their  object  and  aim 
a  reconstraction  of  the  rules  and  regalations  which  govern  the  corps  of  engineers 
in  the  United  States  Navj.  As  American  engineers  we  are  deeply  interested  in 
the  development  of  oar  new  Navy,  and  are  especially  desiroas  that  in  its  person- 
nel it  shall  be  the  peer  of  any  afloat,  as  it  is  in  design,  constniction,  and  equip- 
ment. With  a  view  of  contributing  to  the  passage  of  the  bill  referred  to,  to  the 
extent  of  their  influence,  the  following  action  was  had  at  a  meeting  held  in  this 
city,  April  8,  1896  : 

WhsreaSy  It  is  apparent  that  rules  and  regulations  formulated  years  ago,  when 
the  steam  engine  on  naval  vessels  was  but  an  auxiliary  to  sails,  are  not  only 
nnsuited  to  present  conditions  (from  which  sails  and  sailors  as  such  have  utterly 
passed  away,  while  the  *stpam  engine  with  enormously  increased  capacity  has 
become  the  sole  motive  power),  but  are  in  their  operation  positively  injurious  and 
detrimental  to  the  highest  efficiency  and  usefulness  of  the  navy  ; 

Therefore,  be  U  resolwd.  That  the  Council  of  the  American  Society  of 
Mechanical  Engineers  heartily  indorse  any  action  which  may  be  taken  in  Con- 
gress or  elsewhere  which,  on  the  lines  laid  down  in  what  are  known  as  the  Wilson- 
Squire  bills,  has  for  its  aims  the  remodelling  and  readjustment  of  the  rules  and 
regulations  which  govern  the  duties  and  e:ttablish  the  status  of  the  naval  engi- 
neer, to  the  end  that  they  may  more  nearly  accord  with  the  increased  skill 
required  of  him,  and  the  increased  care  and  responsibility  now  resting  up<m  him. 

On  behalf  of  the  Council, 

John  Fkitz,  PresidenL 

[Copy  from  the  records.] 

The  interest  of  the  individual  members  of  the  Society  in  the 
matter  had  been  solicited  by  a  circular  whose  purport  is  as  follows: 

To  the  Members  of  the  American  Society  of  Mechanical  Engineers : 

While  it  is  not  the  province  and  certainly  not  the  wish  of  the  Council  to  in- 
fluence members  in  matters  not  directly  connected  with  the  welfare  of  the  Society, 
it  has  been  deemed  proper  and  wise  to  call  your  attention  as  citizens  and  engi- 
neers to  the  bills  now  before  Congress  known  as  the  "  Wilson-Squire  Bills,'* 
Senate  No.  735,  House  of  Representatives  No.  8618.  These  have  for  their  object 
and  aim  a  revision  of  the  rules  and  regnlations  of  the  navy  as  they  affect  the 
authority  and  status  of  the  engineers  :  first,  by  an  increase  of  the  number  of  the 
corps,  which  nhall  be  in  proportion  to  the  increase  of  naval  vessels  ;  second,  the 
admission  of  graduates  from  civilian  engineering  schools  to  the  corps  ;  third,  the 
establishment  of  an  engineering  experimental  station  ;  and,  finally,  the  transfer 
to  the  Engineer  Corps  of  certain  engineering  duties  now  in  other  hands. 

As  is  doubtless  known  to  you,  there  have  been  no  important  change^  in  these 
rule?  aa  they  relate  to  engineers  since  the  time  when  steam  was  introduced  into 
the  navy  as  a  mere  auxiliary  or  an  aid  to  the  sail.  It  is  scarcely  necessary  to 
remind  members  of  our  profession  of  the  great  difference  which  exists  between 
the  naval  vessels  of  to-day  as  compared  with  tho^e  of  the  time  referred  to,  nor  to 
explain  how  in  so  many  ways  the  duties,  cares,  and  responsibilities  of  those 
who  are  in  charge  of  the  immense  and  complicated  machines  which  fill  them 
have  been  enlarged,  increased,  and  intensified. 

It  woald  be  unpatriotic  and  unwise  for  any  one  to  foster  or  encourage  differ- 


12  PROCEEDINGS   OF  THE 

ences  among  naval  officers  which  simply  refer  to  precedence  and  rank,  irrespec- 
tive of  responsibilities.  It  is,  however,  in  the  opinion  of  your  Council,  not  only 
proper  but  the  duty  of  every  one,  and  especially  so  of  the  engineers  of  our  coun- 
try, bv  all  proper  means  to  bring  their  individual  influence  to  bear  upon  those 
whose  province  it  is  to  make  the  laws  of  tbe  land,  urging  them  so  to  amend  the 
rules  and  re^rulations  of  the  navy  that  tbey  shall  conform  to  ezif«ting  conditions, 
and  shall  accord  to  the  Engineer  Corps  a  rank  and  a  position  which  will  corre- 
spond with  the  responsibilities  now  resting  upon  them,  due  to  the  great  changes 
which  have  taken  placn  in  the  construction  and  equipment  of  our  new  navy. 
Should  the  matter  thus  briefly  referred  to  commend  itself  to  your  good  judgment, 
you  can  greatly  aid  in  bringing  about  this  desired  result  by  at  once  addressing  a 
letter  to  the  Senator  from  your  State,  and  the  Representative  from  your  district, 
requestinir  their  aid  in  paSRing  the  bills  above  referred  to.  In  so  doing  you  will 
not  only  confer  a  benefit  upon  our  brother  engineers  in  the  navy,  but  you  will 
contribute  in  bringing  the  profession  of  engineering  into  greater  prominence  the 
world  over. 

As  this  bill  is  likely  to  be  called  up  at  any  time,  prompt  action  only  will  be 
of  service. 

On  behalf  of  the  Council, 

John  Fbitz,  Prmdent 

F.  R.  HuTTON,  Secretary, 


The  Council  would  also  present  for  record  the  report  of  its 
tellers  to  count  the  ballots  cast  for  members  at  the  canvass  made 
just  previous  to  the  Annual  Meeting.     The  report  is  as  follows : 

REPORT  OP  THE  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Council 
to  act  as  tellers  (under  Eule  13)  to  scrutinize  and  count  the  bal- 
lots cast  for  and  against  the  candidates  proposed  for  membership 
in  the  American  Society  of  Mechanical  Engineers,  and  seeking 
election  before  the  Thirty-fourth  Meeting,  New  York,  1896. 

They  have  met  upon  the  designated  day,  in  the  office  of  the 
Society,  and  have  proceeded  to  discharge  their  duty.  They  would 
certify,  for  formal  insertion  in  the  records  of  the  Society,  to  the 
election  of  the  persons  whose  names  appear  on  the  appended 
list,  to  their  respective  grades. 

There  were  492  votes  cast  on  the  pink  ballot,  of  which  17  were 

thrown  out  because  of  informalities  (the  members  voting  having 

neglected  to  indorse  the  sealed  envelope). 

Chas.  H.  Loring, 

John  C.  Kafer,     y  Tellers  of  Flection. 
Frank  H.  Ball. 


NG,  J 
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Ardell,  Robert. 
Clarke,  C.  M. 
Davis,  C.  E. 
Evans,  H.  O. 
FelthoQsen,  J.  H. 
Gennann,  J.  O. 


Fomall,  W. 


ELECTED  AS  MEMBERS. 

Gates,  A.  J. 
Eenrick,  A.  E. 
Man  Ding,  H.  G. 
Muir,  J.  J. 
Nojes,  Wm.  S. 
Parker,  L.  H. 

ELECTED  AS  ASSOCIATES. 

Loveland,  J.  W. 
Williston,  A.  L. 


Rix,  E.  A. 
Robinson,  H.  S. 
Rosing,  Wm.  11. 
Stampf,  John. 
Wallace,  Jos.  D. 
Woodward,  Dan. 


Scott,  Jas.  B. 


PROMOTED  TO  FULL  MEMBERSHIP. 


Case.  T.  N. 
Lidgerwood,  Wm.  V. 


Smith-Whaley,  W.  B. 
Willis,  E.  J. 


ELECTED  AS  JUNIOR  MEMBERS. 

Bailey.  T.  8.  Freed,  G.  F. 

Braine,  B.  G.  Gibson,  J.  E. 

Child.  E.  T.  Lowell,  J.  W. 

Craine,  J.  J.  Monroe,  W.  S. 

Reed,  S.  G. 


Reid.  E.  S. 
Schaeffer,  L.  C.  T. 
Sickles,  E.  C. 
Vaux.  Wm.  S.,  Jr. 


A.t  the  close  of  the  Beport  of  the  Council,  the  second  order  of 
business  was  the  Beport  of  the  Finance  Committee,  which  was  as 
follows : 


AS9NUAL  REPORT  OF  THE  FINANCE  COMMITTEE    OF  THE  AMERICAN 
80CIETT  OF  MECHANICAL  ENGINEERS,   1895-1896. 

The  Finance  Committee  of  the  American  Society  of  Mechanical 
Engineers  would  respectfully  report  to  the  Council  the  followiug 
statements  of  the  receipts  and  expenditures  on  behalf  of  the  So- 
ciety, under  their  direction  during  the  year  from  November,  1895, 
to  November,  1896. 

ANNUAL  REPORT. 

Receipts, 

AceonntB.  Cash.               Bonds.               Total. 

Initiation  Fee $2,494  60  $2,494  50 

Current  Dues 21,714  00  21,714  00 


Past  Dues 848  05 

Advanced  Dues 202  02 

Sales  of  PabUcations 1,214  20 

Binding 2  25 

Badges 482  00 


848  05 

202  02 

1,214  20 

2  25 

432  00 


Carried  forward. $26,907  02      $26,907  02 
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AcconnU.                                                                        Cash.               Bonde.  Total. 

Brought  for^rard $26.907  02  $26,907  02 

Engraving 133  60  188  60 

LifeMembereUip 615  00  $200  00  715  00 

Contingencies 74  74 

Postage  and  Expresn 2  54  2  54 

Interest  on  Investments 1,045  00  1,045  00 

Office  Expenses 7  96  7  96 

Library 50  00  50  00 

House  Supplies  and  Fumiiure 6  67  6  67 

Certi  ficates 50  50 


Total  Receipts $28,669  08       $200  00    $28,869  03 

Cash  on  hand  first  of  year 285  80      285  80 

$28,954  88       $200  00    $29,154  88 

XHtbursemenU. 

General  Printing  and  Stationery $2,009  27 

Reprints  and  Publications 8,109  46 

Postage  and  Express 1,468  85 

Salaries 6,894  57 

Office  Expenses 269  79 

Engraving 754  15 

Contingencies 57  87 

Binding 1,486  80 

Meetings 1,211  85 

House  Supplies  and  Furniture 848  88 

Badges  and  Certificates  781  25 

Travelling 225  00 

Insurance  and  Safe  Deposit 68  00 

Rent,  Interest,  and  Taxes 8,500  00 

Investment  Bonds  received  as  above 200  00 

Investment  Bonds  purchased 600  00 

Library  (Book  Purchase,  Binding,  etc.) 807  22 

Work  of  Committee 441  80 

Cash  on  hand  to  balance / 76  07 

$29,154  88 

The  receipts  on  accotmt  of  Life  Membership  during  this  year 
were  $715*;  $515  of  this  amount  being  cash  and  $200  bonds 
of  the  Mechanical  Engineers'  Library  Association,  which  were 
received  as  cash  in  payment  for  such  Life  Membership. 

Of  the  issue  of  bonds  in  1890  of  the  Mechanical  Engineers* 
Library  Association,  which  amounted  to  $32,000,  the  Council  of 

*  One  member,  not  a  resident  of  the  United  States,  ban  made  a  partial  payment 
only  towards  bin  Life  Membership  taken  near  the  end  of  the  fiscal  year ;  the 
transaction  is  unfinished. 
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the  Society,  as  Trustees,  held  November  15,  1895,  at  the  time  of 
the  last  report  of  the  Finance  Committee,  $20,000,  and  daring 
the  year  1895-96  the  Council  has  acquired  $700  additional  bonds 
($500  by  purchase,  $200  by  surrender  for  a  Life  Membership), 
thus  making  the  total  of  these  bonds  held  by  the  Council  at  this 
date  $21,600 ;  adding  to  which  the  $200  of  these  bonds  bought  and 
held  by  the  Mechanical  Engineers'  Library  Association,  makes  a 
total  of  $21,800,  and  leaves  $10,200  of  them  still  outstanding  in 
the  hands  of  members. 

At  the  end  of  the  year  1894-95  there  was  an  outstanding  in- 
debtedness against  the  Society  of  $4,192.85,  which  indebtedness 
had  been  carried  since  the  year  after  the  Columbian  Congress  at 
Chicago  in  the  form  of  a  running  account  with  the  Society's 
printer,  and  was  due  to  the  unusual  expense  incurred  for  publi- 
cations during  that  year.  The  Finance  Committee  takes  pleasure 
in  announcing  ihat  this  indebtedness  has  been  entirely  wiped  out, 
and  is  included  under  the  proper  headings  in  the  statement. 

At  the  date  of  this  report  there  remained  outstanding  uncol- 
lected accounts  due  the  Society  as  follows  : 

129  members  owe  for  daea,  publications,  etc $2,557  10 

6  oon-members  owe  for  publicatioDS  (all  reoeDt  accoaots) 23  85 

Total  amount  uncollected $2,580  95 

Of  the  129  members  owing  this  $2,657.10,  eighteen  owe  small 
amounts  for  publications  only  recently  sent  to  them,  and  of  the 
remaining  111  men  whose  accounts  are  open,  letters  have  been  re- 
ceived from  sixty  saying  that  they  would  either  remit  shortly,  by 
a  fixed  date,  or  else  for  valid  reasons  asking  for  an  extension  of 
time  to  meet  their  indebtedness,  which  has  been  granted.  This 
» leaves  only  fifty-three  persons  who  have  not  been  heard  from  with 
respect  to  meeting  the  accounts  against  them  for  this  year. 

An  indebtedness  against  the  Society  amounting  to  $886.30 
remains  at  this  date,  part  of  which  is  chargeable  to  the  expenses 
of  the  next  fiscal  year,  and  will  be  at  once  met  from  the  dues  of 
the  year  189ft-1897. 

LIBRART   ASSOCIATION. 

COPT  OF  THS  ANNUAL  BEPOBT  OF  THB  TRUSTEES  OF  THE  MEOHANIOAL 
ENGINEEBS'  UBBART  ASSOCIATION,  1895-1896. 

The  summary  of  receipts  and  dinbursements  of  the  Trustees 
from  November  19, 1895,  to  November  16,  1896,  is  appended. 
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Beeeipts, 

Balance  on  hand  first  of  year,  1895-96 $637  66 

Receipts,  Fellowship  Fund $274  00 

Sinking  Fund 468  00 

Office  Rent 3,825  00 

Room  Rent 1,227  09 

**       Interest  on  Investment..... 25  00 

Investment 800  00 

Contingencies 27  00 

Total  Receipts $5,641  09—5,641  09 

Total  Cash $6,278  76 

DUbursementa, 

Interest  on  Mortgage $1,402  50 

Bonds 1,612  50 

Salaries 990  60 

Janitorial  Supplies 471  94 

Fuel 131  00 

T*  X..'      i^as $158  95)       ^,o  ^o 

^^^^«]  Electric  Light $889  08  f    .*^®  ^ 

Equipment 245  20 

Laundry 243  74 

Binding 2  25 

Repairs 338  78 

Insurance  and  Safe  Deposit 114  00 

Book  Purchase 64  03 

Contingencies 62  10 

Stationery  and  Printing 8  75 

Total  Dishursements $6,230  37—6,280  87 

Cash  on  hand  to  balance 48  88 

Total $6,278  75 

Asieta. 

House  and  lot,  12  W.  81st  Street,  New  York  City $65,000  00 

Furniture  and  Equipment 5,000  00 

BooksandMSS 10,600  00 

Bills  Receivable  (Office  and  Room  Rent,  uncollected) 286  42 

**  "  (Subscription  to  Fellowship  Fund,  un. 

collected) 24  00 

"            '*           (Sinking  Fund    Subscription,  uncol- 
lected)    10  00 

Second  Mortgage  held  by  Trustees  as  an  Investment 200  00 

Total  Assets .$81,120  42— $81,120  49 

Liabilities, 

First  Mortgage  held  by  N.  Y.  A.  of  M $83,000  00 

Second  Mortgage  held  by  Members  of  the  A.  S.  M.  E. .  .    10.200  00 
Second  Mortgage  Bonds  held  by  the  Council  of  the  A.  S. 

M.  E.  as  an  Investment 21,600  00 

Total  Liabilities .$64,800  00—  64,800  00 

Excess  of  Assets  over  Liabilities .^I6^320~4^ 
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The  Pre^iderU. — The  next  business  is  the  report  of  the  commit- 
tee to  consider  and  to  report  on  Standard  Methods  for  Testing 
Boilers. 

Dr.  Charles  E.  Emery, — This  committee  is  simply  prepared  to 
report  progress.  After  consultation  with  members  present,  it 
seems  desirable  to  make  a  brief  statement  of  the  work  which  the 
committee  is  doing.  The  principal  question  which  has  arisen  is  the 
desirability  of  comparing  the  performances  of  boilers  by  efficiency ; 
that  is,  if  there  be  a  certain  number  of  thermal  units  in  the  coal 
as  determined  chemically  or  by  burning  it  in  an  oxygen  calorim- 
eter, and  a  certain  less  number  of  thermal  units  be  practically 
obtained  by  a  boiler  test,  the  relative  economy  may  be  expressed 
by  the  division  of  the  first  by  the  second ;  that  is,  the  efficiency 
shows  the  proportion  of  the  total  calorific  value  of  the  fuel  which 
is  utilized  in  the  boiler.  The  idea  is  so  fascinating  that  some  mem- 
bers of  the  Society  consider  there  should  be  no  other  standard. 
On  investigation,  however,  there  are  many  difficulties  in  establish- 
ing such  a  standard.  For  instance,  it  is  found  that  the  calorific 
value  derived  either  by  computations  based  on  the  elementary 
composition  of  the  coal  or  by  directly  burning  a  sample  in  oxygen 
has  not,  in  all  cases,  proved  to  be  directly  proportional  to  the 
evaporation  which  can  be  practically  derived  from  the  coal. 
Again,  the  apparatus  available  for  making  tests  is  not  so  generally 
known  as  to  insure  positive  identity  of  result  when  samples  of  the 
same  coal  are  tested  by  different  observers.  Again,  for  commer- 
cial purposes  the  information  sought  is  the  cost  of  water  evapo- 
rated into  steam,  stated  in  terms  of  the  weight  of  a  particular  kind 
of  coal  available  in  the  market,  and  the  statement  of  efficiency 
does  not  convey  this  information. 

There  is  still  another  point.  If  we  compare  the  results  of  an 
evaporation  test,  either  by  the  coal  or  by  the  combustible  con- 
sumed, we  naturally  wish  to  make  a  comparison  of  efficiencies  on 
the  same  basis.  Since,  however,  the  efficiency  is  the  quotient 
arising  from  the  division  of  the  results  of  an  evaporation  test  by 
those  obtained  by  analysis  or  a  calorimeter  test,  a  little  thought 
will  show  that  when  the  refuse  found  for  the  evaporation  test  and 
for  the  analysis  or  calorimeter  test  is  the  same,  as  it  should  be, 
the  efficiency  per  pound  of  coal  will  be  the  same  as  per  pound  of 
combustible  whether  the  refuse  be  five  per  cent.,  twenty-five  per 
cent.,  or  any  other  percentage.  On  the  other  hand,  the  evap- 
oration  results   will   vary   with  the  percentage  of  refuse.     It  is 
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Our  ooont  therefore  shows  that  the  entire  regular  ticket  was 
elected. 

Respectfully, 


aS;.l^:^.,\^"^'f^<^- 


The  Secretary  read  a  letter  from  Mr.  Albert  Ladd  Colby,  Sec- 
retary pro  tern,  of  the  Association  of  American  Steel  Manufac- 
turers, reporting  their  action  in  the  matter  of  the  use  of  a  decimal 
gauge  for  thickness.    The  letter  was  as  follows : 

Thb  Bethlehem  Iron  Company, 

South  Bethlehem,  Pa.,  Jfovember  13  1896. 
Pbof.  F.  R.  Hutton, 

SXCRBTABY  AMERICAN  SOOTXTT  OF  MECHANICAL  EnOIKBEBS, 

12  West  Thirty-firbt,  New  Tobk  City. 
Dear  Sir:  At  the  meeting  of  the  Association  of  American  Steel  Mannfactaren 
beid  in  New  York  on  October  28,  1896,  the  following  resolutions  were  passed  : 

1.  ResolTed,  That  we,  the  Association  of  American  Steel  Manofacturera, 
indorse  the  Decimal  System  *  as  the  proper  standard  for  measuring  all  materials. 

2.  Besokitd,  That  the  Secretary  be  requested  to  forward  a  complete  copy  of 
the  Committee's  report,  together  with  a  copy  of  these  resolutionp,  to  the  Secre- 
taries of  the  American  Institute  of  Mining  Engineers,  the  American  Society 
of  Civil  Engineers,  the  American  Society  of  Mechanical  Engineers,  and  the 
American  Railway  Master  Mechanics'  Association,  as  an  evidence  of  the  apprecia- 
tion of  the  work  accomplished  by  these  societies  towards  the  establishment  of 
the  Decimal  System  of  Gauging,  and  as  a  proof  of  the  hearty  cooperation  of  this 
Association  in  this  movement. 

In  the  absence  of  the  Secretary,  the  writer  was  made  Secretary  pro  iem.,  and 
encloses  a  copy  of  the  Committee's  report  on  Gauges  in  accordance  witli  the 
above  resolntions.  As  an  evidence  that  this  indorsement  of  the  Decimal  Sys- 
tem of  Gauging  carries  considerable  weight,  the  following  list  of  members  of  the 
Association  is  quoted  : 

The  Bethlehem  Iron  Co..  Otis  Steel  Co. ,  Ltd., 

Cambria  Iron  Co.,  Pacific  Rolling  Mill  Co., 

Carbon  Steel  Co.,  Paxton  Rolling  Mills, 

The  Carnegie  Steel  Co.,  Ltd.,  Park  Bros.  &  Co., 

Catasauoua  Mfja^.  Co.,  Passaic  Rolling  Mill  C^., 

Central  Iron  Works,  Pennsylvania  Steel  Co., 

Cleveland  Rolling  Mill  Co.,  Pottstown  Iron  Co., 

Colorado  Fuel  &  Iron  Co.,  Poitsville  Iron  &  Steel  Co., 

Gltsgpw  Ii;on  Co.,  Reading  Rolling  Mill  Co., 

Ulinois  Steel  Co.,  Schoenber^er  Steel  Co., 

Jones  &  Laughlins,  Ltd.,  §P^°?  ^U^ei  &  Iron  Co., 

Lukeos  Iron  &  Steel  Co.,  Worth  Brothers. 

Please  acknowledge  the  receipt  of  this  communication,  and  also  bring  the  reao> 

*  This  refers  to  the  system  of  thickness  gauging  recommended  by  a  commits 
tee  of  the  A.  S.  M.  E.,  in  which  the  "  number"  of  the  gauge  was  that  giving  the 
number  of  tbooaandths  of  an  inch  measured  by  the  plate. 
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oVlock,  with  Prof.  John  E.  Sweet  in  the  chair.  It  was  opened  by 
a  short  memorial  paper  by  Prof.  F.  K.  Hutton,  and  afterwards 
those  who  had  expressed  thei^  wish  to  take  part  spoke  as  the 
occasion  moved  them,  or  as  their  feelings  were  stirred  by  the 
remarks  of  others.  Those  who  contributed  to  the  subject  were : 
Messrs.  John  Stanton,  John  Fritz,  K.  W.  Hunt,  W.  K.  Warner, 
J.  H.  Snow,  Hosea  Webster,  S.  T.  Wellman,  J.  S.  Lane,  C.  E. . 
Emery,  John  Piatt,  W.  S.  Rogers,  E.  H.  Mumford,  J.  D.  Cox, 
H.  G.  Torrey,  J.  M.  Cremer,  J.  T.  Hawkins,  J.  B.  Edson,  Allan 
Stirling,  and  John  E.  Sweet. 

The  extra  session  was  attended  by  a  considerable  number,  and 
was  marked  by  sincerity  and  earnest  feeling. 

Third  Session.     Thursday,  December  3d. 

The  session  was  called  to  order  by  President  Fritz  at  ten  a.m. 
The  papers  of  the  morning  were  by  Messrs.  F.  R.  Jones  and  A.  L. 
Goddard,  entitled  "  Experimental  Investigation  of  the  Cutting  of 
Bevel  Gears  with  Rotary  Cutters  "  ;  by  Mr.  J.  A.  Laird,  entitled 
"  The  Calibration  of  a  Worthington  Water  Meter "  ;  by  Mr. 
Francis  Schumann,  entitled  "  Contraction  and  Deflection  of  Iron 
Castings " ;  by  Mr.  John  W.  Seaver,  on  "  A  200  -  foot  Gantry 
Crane  " ;  by  J.  V.  Shaefer,  on  the  "  Washing  of  Bituminous  Coal 
by  the  Luhrig  Process  "  ;  and  by  Prof.  C.  H.  Benjamin,  on  "  Fric- 
tion H.  P.  in  Factories." 

The  paper  on  castings  was  discussed  by  Messrs.  Gobeille, 
Henning,  Richards,  Kent,  Hawkins,  Brashear,  Fritz,  Webster, 
Johnson.  The  paper  by  Mr.  Seaver  was  discussed  by  Messrs. 
Clements,  Schumann,  Oberlin  Smith,  Gobeille,  Henning,  and  that 
by  Mr.  Benjamin  by  Messrs.  Manning,  Curtis,  Rockwood,  Oberlin 
Smith,  Pearson,  Stetson,  Goetze,  Greene,  Fry,  Bardwell,  and 
Johnson. 

The  subject  of  shrinkage  and  other  peculiarities  of  cast  iron  was 
deemed  of  so  important  a  character  that  it  was  the  sense  of  those 
present  that  it  would  be  desirable  that  the  subject  should  be  con- 
tinued by  the  presentation  of  Mr.  Schumann's  paper  a  second 
time,  or  that  another  paper  should  be  presented  which  should 
serve  as  a  starting  point  at  the  next  meeting. 

Fourth  Session.    Thursday  Evening. 

President  Fritz  called  the  meeting  to  order  at  8.30  p.m.  The 
three  papers  of  the  evening  were  to  be  those  by  Mr.  F.  A.  Halsey, 
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on  "  Some  Special  Forms  of  Mechanical  Computers " ;  by  Mr. 
M.  P.  Wood,  on  "  Rnstless  Coatings  for  Iron  and  Steel "  ;  and  by 
Mr.  H.  M.  Lane,  entitled  "  A  Methgd  of  Shop  Accounting^to  Deter- 
mine Cost." 

Mr.  Wood's  paper  was  discussed  by  Messrs.  Sabin,  Spillsbury, 
Boyer,  Christie,  Nichols,  Kent,  Henning,  Lane,  Torrance,  and 
Emery.  That  of  Mr.  Lane  was  discussed  by  Mr.  Rogers,  and  the 
suggestion  was  oflfered  that  its  importance  was  sufficient  to  war- 
rant its  being  continued  with  a  view  to  further  discussion  at  a 
later  meeting,  as  in  the  case  of  the  paper  by  Mr.  Schumann.  The 
evening  ended  by  a  presentation  by  Mr.  H.  de  B.  Parsons  of  the 
report  of  the  Society's  Committee  on  the  Testing  of  Fire-proofing 
Materials.  This  was  illustrated  by  lantern  slides,  and  was  made 
very  full  and  complete. 

Fifth  Session.     Friday  Morning,  December  4th. 

The  papers  of  the  session  were  by  Mr.  W.  W.  Christie,  on  the 
"Efficiency  of  the  Boiler  Grate";  by  Mr.  R.  S.  Hale,  entitled 
"  Efficiency  of  Boiler  Heating  Surface  "  ;  by  Prof.  W.  F.  M.  Goss, 
entitled  "  Paper  Friction  Wheels " ;  by  Frank  H.  Ball,  entitled 
"  Steam  Engine  Governors  " ;  by  George  W.  Colles,  Jr.,  entitled 
"  Metric  vs.  the  Duodecimal  System " ;  and  by  Leonard  Waldo, 
entitled  "  Aluminum  Bronze  Seamless  Tubing." 

The  paper  by  Mr.  Christie  was  discussed  by  Messrs.  Curtis, 
Kent,  and  Le  Van.  That  by  Mr.  Hale  was  discussed  by  Messrs. 
Rockwood,  Clinton,  Kent,  Pearson,  Willis,  Le  Van,  Cary,  and 
Piatt.  That  by  Mr.  Ball  was  discussed  by  Messrs.  Halsey  and 
Richards.  That  by  Mr.  Colles  by  Messrs.  Kent,  Waldo,  Fair- 
banks, Willis,  Rohrer,  Rockwood,  Roberts,  Henning,  Schumann, 
and  Sweet.  That  by  Dr.  Waldo  was  discussed  only  with  ques- 
tions from  Messrs.  Cary  and  Walworth. 

The  following  letter  was  read,  presenting  to  the  Society  a 
model  of  one  of  the  earliest  Dudgeon  hydraulic  jacks.  The  jack 
and  a  cut  showing  it  in  section  accompanied  the  letter. 

New  York,  December  3,  1896. 
The  President  and  Members  op  the  Americau  Society  op  MECHAincAL 
Engineers  : 
It  affords  me  pleasure  to  place  in  the  custody  of  thio  Society  the  first  hydraulic 
jack  which  was  ever  built,  so  far  as  known,  together  with  a  sectional  view  print- 
ing blocls  :  and,  in  accordance  with  request  as  to  its  history,  I  would  say  that  the 
original  designer  of  it,  Mr.  R.  Dudgeon,  was,  in  about  1850,  a  lounger  in  the 
drug-store  of  my  stepfather,  Mr.  E.  Lyon,  and  while  there  expressed  the  opinion 
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that  he  could  get  up,  as  he  called  it,  a  hydraulic  press  for  lifting  stoue.  Explain- 
ing  his  idea  to  Mr.  Lyon,  be  was  set  at  work  by  him  to  develop  tbe  idea,  and  if 
sacceesful  the  tool  was  to  be  patented  in  joint  ownership.  This  patent  was 
taken  oat  in  1851.  I  at  one  time  heard  a  rumor  that  there  were  two  of  these 
jacks  made  at  the  same  time,  and  that  its  duplicate  was  burned  in  the  Crystal 
Palace  fire,  but  I  cannot  at  this  date  obtain  any  yerifi cation  of  the  story.  It  will 
be  obfterved  that  this  tool  is  made  from  common  gas-pipe,  and  has  an  independent 
piston-rod  for  lowering.  To  one  acquainted  with  the  jack  of  the  present  time, 
the  main  principles  will  be  seen  to  have  been  covered  in  this  original  invention. 
The  block,  it  will  also  be  observed,  was  evidently  made  before  the  copper-covered 
electrotypes  were  in  use.  There  are  in  this  jack,  however,  two  small  interior 
pieces  at  the  present  time  which  were  not  in  the  original.  The  original  pieces 
were  lost  in  our  shop  about  five  years  ago  by  my  partner,  who  cared  nothing  in 
particular  about  tbe  tool.     These  have  been  replaced  by  duplicates. 

If  at  any  future  time  it  is  desired  by  the  Society  to  place  their  historical 
articles  in  the  keeping  of  other  organizations,  permission  is  given  for  them  to 
do  80.  Tours, 

The  Watson-Sttllman  Co., 

F.  H.  Stillman,  Proprietor. 

At  the  close  of  the  reading,  Mr.  Henning  moved  that  the  Society 
extend  to  Mr.  Stillman  a  vote  of  thanks  for  his  presentation  of 
a  matter  of  historical  interest  such  as  this  to  the  Society.  The 
motion,  being  seconded,  was  carried  unanimously.  There  being 
no  new  business  presented,  and  the  hour  of  adjournment  having 
arrived,  the  President  spoke  of  his  desire  to  thank  the  members 
for  the  confidence  which  they  had  shown  in  him,  and  for  the  indul- 
gence which  had  been  accorded  him  in  all  his  contact  with  the 
official  duties  of  his  term. 

It  was  announced  that  the  spring  meeting  of  1897  was  to  be 
expected  in  the  city  of  Hartford  at  such  time  as  might  be  found 
convenient,  and  on  motion  the  convention  adjourned. 

Following  the  usual  custom,  the  afternoons  of  the  days  allotted 
for  the  annual  meeting  were  left  without  assignment,  for  the 
members  to  be  permitted  to  use  the  aiternoon  in  the  furtherance 
of  their  own  business  and  pleasure.  Several  small  parties  were 
made  up,  pursuant  to  special  invitation,  to  visit  the  power-houses 
of  the  Electric  Light  and  Compressed  Air  Street  Railway  systems, 
and  other  points  of  general  or  miscellaneous  interest. 

On  the  evening  of  Wednesday  a  public  reception  by  the  New 
York  members,  for  the  entertainment  of  their  visiting  guests,  was 
convened  at  Sherry's,  Thirty -seventh  Street  and  Fifth  Avenue, 
and  was  very  largely  attended.  The  retiring  and  incoming  Presi- 
dent received  the  members,  and  following  the  reception,  dancing 
and  general  social  opportunity  filled  the  evening  after  supper. 
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DCC* 

REPORT   OF  PROGRESS  OF   THE   COMMITTEE    ON 
FIREPROOFING   TESTS. 

NoTE.—The  foUowiDg  pages  are  the  text  of  a  Report  of  Progress  made  by  a  joint 
committee  (apon  which  the  American  Society  of  Mechanical  Engineers  is  officially 
represented)  to  the  several  bodies  which  created  these  committees.  It  is  not  to 
be  considered  as  final  in  any  sense,  bat  is  given  at  a  regular  meeting  of  the 
Society  with  a  view  not  only  for  record,  and  to  make  the  investigation  accessible 
to  members,  but  also,  and  most  of  all,  to  elicit  in  discussion  and  by  contributed 
comment  the  criticiBm  of  engineers  upon  the  work  thus  far  done,  and  suggestions 
for  future  work. 

H.  DB  B.  Parsons,  )  Representatives  of  the  American 


D.  Jr.,l 


Thomas  F.  Rowland,  Jr.,  S    Society  of  Mechanical  Engineers, 

bulletin  no.  2. 
The  Committee  on  Fireproofing  Tests. 


Bulletin  No.  2. 


Room  104,  22  William  Street, 
New  York,  July  27,  1896. 


To  the  Tariff  Association  of  New  York,  the  Architecturai* 
League  of  New  York,  and  the  American  Society  of 
Mechanical  Engineers. 

OenUemen: — Your  joint  committee  takes  pleasure  in  sub- 
mitting to  you  a  report  of  work  done  to  date.  As  you  will 
remember,  we,  the  undersigned,  were  appointed  a  joint  com- 
mittee to  investigate  and  test  methods  of  fireproofing  structural 
metal  in  buildings,  and  to  obtain  data  for  standard  specifications. 

Your  committee,  after  having  effected  its  own  organization, 
determined  to  add  to  its  numbers  by  the  creation  of  an  advisory 
board.  This  step  was  taken  for  the  purpose  of  more  widely 
increasing  the  interest  taken  in  the  experiments,  and  also  to 

*  Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  formiug  part  of  Volume  XVIIL  of  the 
Transactions. 
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preyent,  as  fat  as  possible,  the  impression  that  the  work  was  of 
a  sectional  or  local  character.  The  names  of  the  gentlemen  who 
accepted  invitations  to  serve  on  this  advisory  board  are  as 
follows : 

Edward  Atkinson,  President  Boston  Mannfacturers'  Mutual  Fire  Insurance 
Co. ;  Osborne  Howes,  Secretary  Boston  Board  of  Fire  Underwriters ;  Charles  A. 
Hexamer,  Secretary  Philadelphia  Fire  Underwriters*  Association  ;  H.  H.  Glidden, 
Manager  Chicago  Fire  Underwriters' Association ;  W.  Martin  Aiken,  Supervis- 
ing Architect  United  States  Treasury  Department,  Representative  Illinois 
Chapter  American  Institute  of  Architects  ;  Stevenson  Constable,  Superintendent 
of  Buildings,  New  York  ;  Qeorge  B.  Post,  New  York  Chapter  American  Institute 
of  Architects;  F.  H.  Kindl,  Structural  Engineer  Carnegie  Steel  Co.;  John  R. 
Freeman,  Cbief  Inspection  Department,  Factory  Mutual  Insurance  Cos. ;  Henry 
Morton,  President  Stevens'  Institute  of  Technology;  C.  J.  H.  Woodbury,  Member 
American  Society  Civil  Engineers  ;  H.  B.  Dwigbt,  Dwight  Survey  and  Protection 
Bureau,  New  York  ;  F.  C.  Moore,  Delegate  New  York  Board  of  Fire  Underwriters 
to  Board  of  Examiners  of  Department  of  Buildings ;  William  A.  Wahl,  Secretary 
Franklin  Institute,  Philadelphia  ;  John  T.  Williams. 

The  committee  also  wishes  to  take  this  opportunity  of  pnbliclj 
thanking  the  parties  mentioned  below  for  their  offers  of  assist- 
ance,  namely : 

The  Continental  Iron  Works,  for  permission  to  use  part  of 
their  yard,   and  for  numerous    courjtesies  which    have    been 
extended  to  the  committee  from  time  to  time. 
•  The  Carnegie  Steel  Co.  (Limited),  for  their  offer  to  furnish  all 
the  structural  steel  that  your  committee  may  need. 

Messrs.  J.  B.  and  J.  M.  Cornell,  for  their  offer  to  furnish  the 
cast-iron  columns  for  which  your  committee  may  ask. 

Messrs.  Sinclair  &  Babsen,  for  their  donation  of  seventy-five 
barrels  of  Alsen  cement. 

The  Lorillard  Brick  Works  Co.,  through  Mr.  Henry  M. 
Keasbey,  for  54,000  common  bricks. 

Mr.  Henry  A.  Maurer,  for  his  donation  of  14,000  fire-bricks 
*         and  fourteen  barrels  of  fire-clay. 

During  the  winter  just  past,  your  committee  erected  a  testing 
plant,  as  shown  in  the  accompanying  photograph.  The  gas 
producer  in  the  background  is  9  feet  in  diameter  by  12  feet  in 
height,  and  is  equipped  with  a  hopper-valve  on  top.  Gas  is 
generated  by  means  of  steam  from  the  boiler,  as  shown,  and 
carried  into  the  furnaces  through  pipes,  as  clearly  indicated  in 
the  photograph  (Fig.  1).  The  foundation  shown  on  the  left  is 
ready  for  the  erection  upon  it  of  a  furnace  for  testing  beams  and 
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floors.  Its  dimensions  are :  length  27  feet,  width*  12  feet,  bnt  it 
can  be  arranged  to  take  larger  beams  if  so  desired.  The  furnace 
shown  on  the  r^ht  is  for  testing  columns,  and  is  14  feet  square, 
outside  measurement. 

The  arched  roof  is  made  of  fire-brick,  and  is  independent  of 
the  side  walls,  being  supported  by  outside  comer  posts.  The 
walls  are  of  common  brick,  but  can  easily  be  changed  so  that 
experiments  can  be  made  on  other  materials.  One  side  wall  and 
the  end  wall  with  the  door  are  12  i  inches  in  thickness  ;  the  rear 
wall  is  8.^  inches,  and  the  fourth  wall  is  4  inches  inside,  2  inches 
air  space,  and  8^  inches  outside,  making  a  total  thickness  of  14^ 
inches. 

The  floor  is  covered  with  fire-brick,  with  openings  left  for  the 
branch  gas  pipes,  and  air  spaces  to  support  the  combustion. 
These  branch  gas  pipes  are  4  inches  in  diameter,  capped  with 
tuyeres  reduced  to  2  inches.  In  order  to  increase  the  tem- 
perature when  desired,  a  barrel  of  naphtha  is  connected  by 
means  of  a  small  pipe,  and  blown  into  the  gas  pipe  at  the  Y- 
branch  by  means  of  a  steam  jet. 

The  column  is  plfikped  in  compression  by  means  of  a  hydraulic 
ram  underneath,  resting  on  three  24-inch  I-beams,  the  same  as 
those  across  the  top  of  the  furnace  shown  in  the  photograph. 
In  order  to  keep  the  entire  length  of  the  column  within  the 
furnace,  filler  blocks  of  cast  iron  are  placed  between  the  ends  6f 
the  column  and  these  I-beama  The  hydraulic  ram  is  12  inches 
in  diameter,  and  the  water  pressure  can  be  carried  to  2,500 
pounds  per  square  inch. 

The  temperature  is  measured  by  means  of  a  Uehling  &  Stein- 
bart  pyrometer.  As  this  pyrometer  is  in  commercial  use,  and 
has  been  thoroughly  tested  and  described  in  yarious  scientific 
journals,  it  is  not  necessary  to  enter  here  into  a  detailed  descrip- 
tion. 

The  money  to  carry  out  this  work  has  been  advanced  by 
various  parties,  and,  together  with  the  committee's  disburse- 
ments, is  shown  in  the  accompanying  treasurer's  report. 
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TBEASUKEB'S  BEPOKT. 

COMMITTEE  ON  FIREPBOOFING  TESTS,  Jvly  22, 1890. 

SUBSCRIPTIONS  RECEIVED. 

Boeton  Boaid  of  Fire  Underwriters |400  00 

Associated    Factoiy  Matual    Insarance  Com- 
panies of  New  England 200  00 

E.  H.  Kendall 26  00 

Carrere  &  Hastings 50  00 

R.  Magnicke 60  00 

McKim,  Mead&  White 100  00 

Sooysmith  &  Co 100  00 

B.  H.  Robertson "...  50  00 

eeorgeB.  Poet 100  00 

J.G.Howard 5  00 

The  Tariff  Association  of  New  York.   500  00 

Bmce  Price 100  00 

I^amb&BSch 26  00 

CltntOD  &  Bassell 100  00 

American  Sugar  Befining  Co 100  00 

Philadelphia  Fire  Underwriters'  Association..  400  00 

Continental  Ins.  Co 50  00 

$2,855  00 

SUBSCRIPTIONS  BECEIVABLE. 

The  Tariff  Association 500  00 

Associated    Factory  Matual    Insurance  Com- 
panies of  New  England. 200  00 

700  00 

$8,055  00 

Cash  on  hand 18  62 

Deficit 29  68 

$8,108  80 

EXPENDITDHES. 

B,  A.  Blgelow,  Printing,  etc $4  25 

Electro  Light  Engraving  Co 15  00 

Continental  Iron  Works,  Fnmace,  etc 1,813  12 

W.H.Stnrgl8,  Sand 19  50 

John  T.  Woodruff,  Broken  Stone 68  00 

William  C.  Siegert,  Stationery    11  00 

Berton  k  Nichell,  Setting  fire-brick  lining 99  68 

Thomas  F.  Bowland,  jr.,  for  mason's  wages. 

paid 275  88 

Uehling,  Steinhart  &  Co.,  two  months'  rent  of 

pyrometer 80  00 

$2,836  38 

LIABILITIES. 

The  Continental  Iron  Works,  Labor,  etc.,  on 

furnace  and  at  tests 766  92 

$8,108  30 

Bespectfnlly  submitted, 

Q.  L.  Hbinb,  Treamrer. 
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Your  committee  decided  that  it  would  be  best  to  make  the 
tests  according  to  the  following  programme  : 

First. — That  a  series  of  tests  be  made  on  steel  and  on  cast- 
iron  columns,  without  any  fire  protection  whatever.  These 
tests  then  to  be  taken  as  a  basis  of  comparison  with  those  that 
were  to  follow. 

Second. — That  a  series  of  tests  be  made  with  similar  steel  and 
cast-iron  columns,  protected  with  different  materials  and  in  dif- 
ferent manner. 

Third. — That  a  series  of  testS  be  made  on  unprotected  beams 
and  girders. 

Fourth. — That  a  series  of  tests  be  made  on  protected  beams 
and  girders. 

It  has  also  been  proposed  that  each  series  be  divided  for  test 
both  with  and  without  water. 

Tour  committee  has  communicated  with  many  manufacturers 
of  fireproofing  materials,  and  has  been  informed  that  these 
manufacturers  will  submit  their  materials  for  purposes  of  tests. 

RESULTS. 

The  result  of  this  series  of  tests  is  shown  in  the  accompany- 
ing diagram  (Fig.  15),  where  the  solid  line  represents  the  tem- 
perature and  the  dotted  line  the  load  on  the  column. 

Test  No.  1  was  made  on  a  steel  column,  when  the  tempera- 
ture was  raised  rapidly.  Test  No.  3  was  made  on  a  cast-iron 
column  under  similar  conditions.  Both  columns  began  to  fail 
as  soon  as  they  showed  "  red.'* 

Test  No.  2  was  made  on  a  steel  column,  when  the  temperature 
was  ^raised  more  slowly  than  in  the  other  tests  just  described, 
and  Test  No  4  was  made  on  a  cast-iron  column  under  similar 
conditions.  Both  these  columns  failed  when  they  began  to 
show  "  red,"  although  the  time  was  longer  than  in  Tests  1  and  3. 

Test  No.  5  was  made  on  a  cast-iron  column,  a  jet  of  water  being 
thrown  upon  it  through  a  J-inch  nozzle.  The  column  was  first 
heated  to  675  degrees  and  then  quenched  with  water  without 
injury.  The  heat  was  then  slowly  raised  again  to  775  degrees, 
and  the  column  again  quenched  with  water.  The  heat  was  then 
raised  slowly  to  a  temperature  of  1075  degrees,  and  the  column, 
which  then  showed  a  "  dull  redness,"  was  again  quenched  with 
water.  The  heat  was  then  raised  again  to  1800  degrees,  and  the 
column,  which  now  showed  a  "  bright  red,"  was  again  quenched 
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with  water.      The  column  was  beginning  to  yield  by  bending 
just  before  the  last  application  of  the  water.     The  column  was 


TCST  NO.  1.  8TECL  COLUMN 


AMUIiCAH  tunc.  NOTbCO.  M.K 


Fig.  .15. 


apparently  unaffected  by  water,  although  it  failed  by  bending 
under  the  load,  the  same  as  in  cases  3  and  4. 


Column  Test  No.  1. 

May  19,  1896. — Fire  test  without  water.     Steel  column. 

The  walls  of  the  furnace  were  of  common  brick,  as  described 
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TEST  NO.  t 


Area  or  Scction 

2  Plates  12" X  W^^o" 

2ClO"x  15ii  lbs.  -  9°" 

Total -15°" 
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TEST  No.  2.  Fig.  6.  CapMineMF< 
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bonded  into  the  next,  and  the  cracks  at  these  places  extended 
through  the  bricks.  Along  the  horizontal  joints  the  walls 
cracked  most  on  the  bond  courses.  All  the  walls  were  hot,  the 
eight-inch  wall  being  too  hot  to  hold  the  hand  in  contact  with  it. 
Strength  by  Gordon's  formula  : 

Breaking  streDgth  per  sq.  in 45,680  lbs. 

Area  of  cross  section 15  sq.  in. 

Breaking  load,  15  x  45,680 684,450  lbs.    842  tons. 

Actual  greatest  load,  cold,  141.4  tons,  with  no  change  of  form. 

Column  Test  No.  2. 
May  27, 1896. — Fire  test  without  water.     Steel  column.    Fur- 
nace same  as  Test  No.  1. 

The  column  was  a  Carnegie  steel  Z-bar,  as  shown  in  Fig.  6 
and  in  the  photograph,  and  was  uncovered.  The  weather  was 
clear  and  warm,  with  a  moderate  breeze  from  the  northwest. 
Temperature  of  air,  80  degrees  in  shade. 

Log  of  Trial. 


Time. 
H.  M. 

Pyrometer. 
Decrees  Fahr. 

Hydranlic  Preesure. 
Totftl  Load  Tons. 

Remarks. 

2.28 

80 

Pyrometer  point  8  feet  from  colamn. 
Wood  fire  lit. 

2.24 

200 

84!8 

2.80 

650 

Gas  turned  on. 

2.$ 
2.* 

Door  closed.     Full  cock  of  naphtha. 

1.666 

One-quarter  cock  of  naphtha. 

2.86 

1,300 

2.87 

1.850 

2.38 

1,875 

Naphtha  closed. 

2.89 

1,800 

2.40 

1.125 

One-eighth  cock  of  naphtha. 

2.40^ 

1.800 

2.41 

1,825 

2.42 

1,250 

2.48 

1.200 

2.44 

1.175 

Naphtha  cock  closed  to  "dropping.** 

2.46 

Pyrometer  moved  to  2  feet  from  column 
as  flame  touched  point. 

2.46 

1,125 

Column  began  to  yield. 
Column  yielding  fast. 

2.47 

1.125 

2.49 

1.100 

Impossible  to  maintain  hyd.  pressure. 

2.51 

1.100 

Pump  and  gas  stopped. 

2.52 

900 

Pyrometer  closed. 

The  result  of  this  test  is  shown  in  photographs  (Figs,  7  and  8). 
Strength  by  Gordon's  formula  : 

Breaking  strength  per  sq.  in 42,820  lbs. 

Area  of  cross  section 14. 15  sq.  in. 

Breaking  load,  14.15  x  42,820 605,900  lbs.    808  tons. 

8 
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TC8T  No.  3. 


FlO.  9. 


Head  same  as  foot 


Area  of  Crosa-Seotlon  -  31.99  "" 


Column  Test  No.  3. 


June  30, 1896. — Fire  test  without  water.  Cast-iron  column. 
Furnace  same  as  Tests  1  and  2. 

The  column  was  a  cast-iron,  hollow,  round  column,  with  flanges 
faced  on  both  ends,  as  shown  in  the  photographs  and  in  Fig.  9> 
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and  was  uncovered.    It  waB  oast  horizontally,  with  a  dry  sand 
core,  by  the  Cornell  Iron  Works,  New  York. 

The  weather  was  clear  and  warm,  with  a  slight  breeze  from 
son  th west.     Temperature  of  air,  75  degrees  Fahr. 

Log  of  Tbial. 


Time. 
H.  M.     ' 

1 

Pyrometer. 
Degrees  Fahr. 

Hrdraolic  Preeanre. 
Total  Loftd  Tone. 

BSXABKA. 

2.32 

14.1 

Wood  fire  lit. 

2  45 

84.8 

Gas  Ut.    Door  being  closed. 

2.60 

.... 

<i 

Pyrometer  in  place^  18  In.  from  column. 

2  51 

575 

tt 

2.54 

625 

<« 

2.57 

625 

it 

Gas  sbnt  off  to  poke  producer. 

2.69 

500 

tt 

3.00 

475 

56.5 

Removed  some  loose  bricks  that  inter- 
fered with  tuyeres. 

8.04 

425 

28.2 

8.06 

450 

t  • « • 

Gas  turned  on,  door  closed. 

8.06 

650 

15.5 

8.08 

667 

* « « « 

Air  openings  closed. 

8  12 

600 

11.8 

Door  down  to  arrange  bricks. 

8.18 

625 

•  •  •  • 

Door  closed. 

8.18^ 

650 

.  t . . 

Naphtha  valve  opened  one  half. 

8.14 

750 

.... 

3.15 

812 

42.4 

8.17 

900 

84.8 

3.21 

950 

<i 

8.28 

1.000 

It 

8.25 

1,025 

« 

8.28 

1.050 

tt 

8.30 

1.025 

tt 

8.32 

1.050 

** 

8.86 

1,100 

tt 

3.87 

1.125 

tt 

Slight  redness  reported  by  some. 

8.40 

1.187 

tt 

Column  reported  bent  slightly. 

3.43 

1.175 

tt 

8.44 

1.200 

«< 

' 

3.47 

1,250 

It 

8.50 

1.225 

tt 

3.52 

1.175 

tt 

3.56 

1,200 

tt 

Gas  shut  off.      Door  down.      Column 

decidedly  red  and  bent. 
Gas  on  and  door  closed. 

4.04 

387 

" 

4.08 

925 

*t 

No  naphtha. 

Naphtha  turned  on  half  cock. 

4  09 

925 

tt 

4.10 

1.000 

tt 

4.16 

1,112 

tt 

4.82 

1,125 

1 

Oas  shut  off.     Stopped  pumping. 

Strength  by  (Gordon's  formula  was  as  follows : 

Breaking  strength 902,000  lbs. 

Safe  load,  J  x  902,000 180,400  lbs.    90.2  tons. 

The  result  of  Test  No.  3  is  shown  in  photographs  (Fig.  10 
and  Fig.  11). 


88  the  committee  on  firbproofikg  tests. 

Column  Test  No.  5. 

July  10,  1896. — ^Fire  test  with  water.  Cast-iron  oolnmn. 
Furnace,  same  as  Tests  No.  1,  2,  3  and  4. 

The  column  was  a  cast-iron,  hollow,  round  column,  with 
flanges  faced  on  both  ends,  and  was  uncovered.  It  was  cast 
horizontally,  with  a  dry  sand  core,  by  the  Cornell  Iron  Works, 
New  York.  The  column  was  the  same  as  illustrated  in  photo- 
graph (Fig.  9),  with  the  following  exceptions :  flanges  were  If 
inches  thick  and  were  reenforced  with  four  ribs,  as  in  Test  No. 
4.  There  was  a  slight  defect  in  this  casting,  there  being  a 
porous  portion  a  few  inches  long  on  one  side,  about  3  feet  6 
inches  from  the  lower  end. 

The  weather  was  partly  cloudy  and  sultry.  There  was  a 
strong  wind  from  the  southwest  Temperature  of  the  atmos- 
phere was  80  degrees  Fahr. 

Water  was  thrown  upon  the  column  through  about  50  feet  of 
2.i-inch  rubber  hose  and  a  |-inch  nozzle.  The  pressure  at  the 
hydrant  was  fifty  pounds. 

The  result  of  this  test  is  shown  in  photograph  (Fig.  14). 

The  column  was  yery  red  when  the  water  was  thrown  on  it 
the  last  time.  The  brick  walls  and  arch  roof  cracked  when 
water  fell  on  them.  The  column  was  badly  bent,  but  otherwise 
appeared  uninjured. 

BespectfuUy  submitted. 

The  Committee  on  Firepboofing  Tests. 

S.  Albebt  KEED,/9r  the  Tariff  Association  of  New  York. 
Geobge  L.  HEiN8,ybr  the  Architectural  League  of  New  York. 
H.  DE  B.  Paesons,  )for  the  American  Society  of  Mechan- 

Thomas  F.  Eowland,  Jr.,  f         ical  Engineers. 
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DCCI* 

THE  PROGRESS  IN  THE  MANUFACTURE  OF  IRON 
AND  STEEL  IN  AMERICA,  AND  THE  RELATIONS 
OF  THE  ENGINEER  TO  IT. 

PRESIDENT'S  ADDRESS,   1896. 

Wi  JOHN  FBITZ,  BKTHLXHBX,  PA. 

(Praeident«  1885-1896.) 

Gentlemen: 

I  have  frequently  been  asked  by  members  of  the  American 
Society  of  Mechanical  Engineers,  and  others,  to  write  a  paper  on 
the  nLanofactore  of  iron  and  steel  in  this  country,  showing  its 
progress  since  the  time  of  my  first  connection  with  it.  Quite 
recently  I  have  not  only  been  asked,  but  urged  to  write  a  paper 
on  this  subject  from  a  mechanical  and  engineering  standpoint, 
giving  an  outline  of  the  early  troubles,  and  showing  the  great 
improTements  which  have  been  made  in  machine  tools  and  ma- 
chinery, as  well  as  in  the  manufacture  of  iron  and  steel,  and  after 
some  hesitation  I  have  concluded  to  make  an  effort  to  respond 
to  these  requests.  In  complying  therewith  I  shall  to  some  extent 
quote  from  a  paper  read  before  another  society  of  engineers,  and 
give  such  additional  items  of  my  experience  as  I  have  thought 
would  be  interesting. 

As  a  beginning  I  will  make  a  brief  allusion  to  the  mechanical 
engineer,  showing  his  origin  and  growth,  and  what  he  has  accom- 
plished in  the  great  field  of  metallurgy,  and  especially  in  the 
Bessemer  and  other  important  steel-matdng  processes.  It  seems 
to  me  eminently  proper  that  in  describing  the  development  of  the 
mechanical  engineer  his  growth  should  be  considered  jointly  with 
that  of  the  metallurgist,  especially  when  we  take  into  considera- 
tion how  essential  good  iron  and  steel  are  to  all  engineera  In  fact 
it  is  the  marked  improvements  in  the  manufacture  of  iron  and 
steel  which  have  enabled  the  engineers  to  surmount  difficulties 

♦  Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Soeletj  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
7\ran$aeHon$, 
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and  erect  works  which  would  have  been  well-nigh  impossible  before 
these  improyements  were  made ;  and  to  the  mechanical  engineer 
is  lai^ely  due  the  credit  of  the  marvellous  improvements  which  have 
been  accomplished.  And  here  let  me  say  that  but  few  people 
know  anything  of  the  labor,  the  troubles,  trials,  vexations,  sur- 
prises, and  disappointments  which  were  encountered  during  the 
early  stages  of  that  now  great  industry,  the  Bessemer  process ; 
and,  besides,  all  the  physical  danger  to  which  the  pioneers  were 
constantly  exposed. 

When  I  look  back  and  review  the  roll-call  of  memory,  it 
brings  to  my  mind  faces  of  men  who  lost  their  lives  while  engaged 
in  the  performance  of  their  duty ;  some  of  them  were  near  and 
dear  to  me,  being  associated  by  the  closest  of  personal  ties. 
They  are  no  more ;  but  to  those  who  knew  them,  and  what  they 
accomplished,  their  memory  is  forever  sacred. 

Prior  to  1838  the  manufacture  of  pig  iron  was  in  a  primitive  con- 
dition, that  metal  being  practically  all  made  in  charcoal  furnaces, 
producing  from  fifteen  to  thirty  tons  per  week.  It  was  converted 
into  wrought  iron  in  the  old-fashioned  charcoal  fires,  and  was 
shaped  into  blooms  for  the  rolling  mill,  and  into  bars  for  the  smith 
by  a  helve  hammer.  The  furnaces,  foi^es,  and  mills  were  all 
driven  by  water  power,  and  were  kept  in  order  by  what  was  some- 
times called  a  forge  carpenter,  or  millwright.  At  this  time  the 
mills  were  all  geared,  the  shafts  being  square,  hexagon,  or  octagon, 
according  to  the  fancy  of  the  millwright ;  the  wheels  were  secured 
on  the  square  shafts  by  wooden  blocks,  and  in  them  were  driven 
thin  iron  wedges ;  the  segments  of  the  wheels  were  secured  to  the 
centre  in  the  same  manner ;  the  roU  housings  were  all  set  on 
wood.  All  this  crude  machinery  the  millwright  was  called  on  to 
keep  in  running  order;  consequently  he  became  an  important 
man. 

In  1840  the  use  of  anthracite  coal  and  coke  in  blast  furnaces 
was  commenced.  This  required  a  much  higher  pressure  of  blast. 
Previous  to  this  time  the  blowing  cylinders  had  been  made  out  of 
wood,  the  pressure  of  blast  being  very  low,  not  exceeding  one  and 
a  half  pounds ;  hence  a  great  improvement  in  blowing  machinery 
became  necessary. 

In  1842  puddling  began  to  come  into  more  general  use,  and 
puddling  trains  had  to  be  built,  and  better  merchant  or  bar  trains 
were  now  required  ;  they  were  all  geared,  and  gave  much  trouble. 
The  machinist  now  had  to  be  called  in  to  help  keep  things  in 
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shape,  and  he  soon  took  the  iuillwright*s  place,  and  laid  the 
foondation  for  the  mechanical  and  metallurgical  engineer. 

In  1845  the  rail  mills  were  being  built,  and  stronger  and  better 
workmanship  was  required.  These  mills  were  all  geared,  but  the 
shafts  were  generally  turned  up,  and  wheels  all  bored  but,  and 
fitted  up  in  a  much  better  manner,  which  required  more  skill  and 
better  workmen.  Puddling  now  became  an  important  branch  of 
the  iron  business,  and  the  Old  Harry  was  generally  to  pay  to  get 
the  balls  in  proper  shape ;  to  do  this  mills  were  using  the  old 
Welsh  hammer.  Numbers  of  squeezers  were  tried  and  failed; 
finally  the  Burden  squeezer  was  invented,  and  adopted  by  the 
mills  generally,  and  to  this  day  is  the  best  machine  which  has  ever 
been  devised  for  the  purpose. 

In  or  about  the  year  1848  "  boiling  **  came  into  use,  which  was 
a  great  improvement  over  ordinary  "  puddling,"  and  gave  a  new 
impetus  to  the  trade.  From  1848  to  1856  there  was  no  great 
change  or  marked  improvement  made  in  the  business.  In  1857 
the  three-high  rail  mill  was  successfully  introduced,  and  in  a  very 
short  time  practically  revolutionized  the  manner  of  rolling  rails. 
From  this  time  on,  all  the  new  mills  which  were  built  were  driven 
direct,  without  gearing,  and  much  stronger  and  better  in  every 
way.  It  was  during  this  time  that  the  great  changes  and  im- 
provements were  being  made  in  rolling-miU  and  blast-furnace 
machinery  and  also  in  machine-shop  tools  of  all  kinds,  which 
enabled  much  better  work  to  be  turned  out  than  had  been  pre- 
viously possible ;  and  this  was  an  advance  for  the  mechanical 
engineer,  and  prepared  him  for  the  great  work  which  he  was  soon 
to  be  called  on  to  accomplish. 

'In  1864  the  Bessemer  process  was  introduced,  and  it  soon  be- 
came evident  that  it  would  in  a  short  time  revolutionize  the  iron 
business.  Its  introduction  and  perfection  will  ever  remain  one  of 
the  most  interesting  and  important  epochs  in  the  whole  history  of 
the  iron  business.  It  was  now  that  the  men  who  had  been  in 
training  were  called  to  the  front,  and  nobly  did  they  do  their 
duty.  This  was  the  graduating  period  for  them,  and  no  set  of  men 
ever  worked  more  faithfully  or  earned  their  diplomas  more  hon- 
estly than  these  men  did.  Their  diplomas  were  not  made  of 
parchment,  but  of  bright  ideas,  hard  work,  and  energy,  coupled 
with  a  determination  which  made  failure  impossible. 

Sir  Lowthian  Bell,  in  an  address  before  the  Iron  and  Steel  Insti- 
tute in  1890,  said :  "  In  viewing  the  impressive  but  simple  process 
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of  blowing  a  charge  of  metal,  it  is  difficult  to  realize  the  disap- 
pointments and  the  large  expenditure  of  money  and  indefatiga- 
ble eneigj  required  before  its  present  position  was  reached/* 
I  will  go  further  and  say  that  I  do  not  believe  it  possible  to 
describe  the  feelings  of  fear  and  anxiety  which  existed  in  the  minds 
of  those  who  had  the  immediate  charge  and  were  responsible  for 
the  result 

It  is  not  the  object,  nor  is  it  possible  in  a  paper  like  this,  to 
give  a  description  of  the  process,  or  even  faintly  to  describe  the 
difficulties  which  were  encountered  in  its  incipient  stages,  but  I 
feel  as  if  I  should  do  violence  to  my  feelings  were  I  to  fail  on  this 
occasion  to  make  some  allusion  to  those  brave  and  noble  men 
who  fought  these  early  battles  to  a  triumphant  conclusion ;  and,  843 
the  Hon.  Abram  S.  Hewitt  has  truly  said,  "  The  Bessemer  inven- 
tion takes  its  rank  with  the  great  events  which  have  changed  the 
face  of  society  since  the  time  of  the  middle  ages" ;  nor  am  I  un- 
mindful of  the  assistance  rendered  by  the  brave  and  noble  work- 
men who  so  ably  supported  their  chiefs,  and  who  were  ever  ready 
and  willing  to  face  any  danger  or  difficulty  which  might  occur. 

Having  already  stated  that  the  Bessemer  process  was  introduced 
in  1864,  of  course  but  little  steel  was  made  in  that  year.  I  do  not 
propose  to  give  you  a  yearly  array  of  statistics  ;  but  in  1895  the 
production  reached  the  enormous  quantity  of  4,909,128  tons  of  in- 
gots. In  the  same  year  the  production  of  puddled  iron  was  1,600,- 
000  tons,  making  a  total  of  steel  and  puddled  iron,  6,409,128  tons. 

In  order  to  show  what  the  Bessemer  process  can  do  in  coal 
and  labor,  as  compared  with  puddling,  the  former  can  produce  in 
ten  minutes  ten  tons  of  steel  ingots,  with  a  consumption  of  twenty 
hundredweight  of  coal.  It  will  require  a  puddling  furnace  ten 
days,  with  practically  three  men,  to  produce  a  like  amount  of 
puddled  iron,  and  will  require  about  twenty  tons  of  coal.  The 
puddling  is  a  hard,  laborious,  and  exhausting  occupation.  With 
the  Bessemer  process  it  is  care  and  attention  only  which  are 
called  for,  but  these  it  must  have. 

We  left  the  blast  furnaces  in  1840,  making  fifteen  to  thirty  tons 
per  week,  and  produced  in  that  year  286,903  gross  tons.  In  1895 
we  have  furnaces  producing  between  two  and  three  thousand  tons 
per  week,  ^nd  others  building  which  are  expected  to  make  much 
more.  The  total  output  in  1895  was  9,446,308  gross  tons,  which 
exceeds  the  quantity  made  by  any  other  nation. 

It  was  the  marvellous  increase  in  the  production  of  iron  and 


president's  address,  1896.  48 

steel  which  took  place  after  the  year  1865  which  gave  such  a  re- 
markable impetus  to  the  engineering  trades.  The  demand  for 
Bessemer  pig  iron  caused  new  blast  furnaces  to  be  built  of  much 
larger  size  than  formerly.  The  blowing  engines  were  required  to 
be  of  much  greater  capacity  and  more^  powerful.  The  material 
used  in  the  construction  of  these  furnaces  stimulated  other 
branches  of  business,  in  many  instances  beyond  their  capacity. 
When  the  Bessemer  process  came  into  use,  blooming  mills  had 
to  be  built,  new  rail  mills,  billet  mills,  and  plate  mills ;  in  fact, 
the  introduction  of  Bessemer  metal  rendered  the  old  iron-rolling 
machinery  practically  useless;  consequently  new,  heavier,  and 
more  powerful  mills  had  to  be  erected* 

The  rail  mills,  with  one  exception,  are  three-high,  and  fitted 
up  with  tables  arranged  for  automatically  handling  the  work, 
and  they  are  equipped  with  every  facility  which  will  quicken  and 
cheapen  the  handling  of  the  material.  In  1866  the  Siemens  open- 
hearth  furnace  for  making  steel  was  introduced,  but  it  was  some 
time  before  it  came  into  general  use ;  the  Bessemer  plant  for  quite 
a  while  held  it  in  check.  To-day  it  occupies  an  important  posi- 
tion, and,  in  connection  with  the  Thomas  basic  process,  one  of  the 
great  metallurgical  inventions  of  the  age,  is  sure  to  become  a 
strong  competitor  of  the  Bessemer  process.  When  I  allude  to 
the  Siemens  open-hearth  furnace  I  do  not  mean  that  their  form 
of  hearth  and  ports  should  be  strictly  adhered  to,  as  there  are 
other  styles  of  furnaces  which  have  their  advocates ;  amongst 
them  are  the  partial  revolving  hearth,  which  so  far  has  shown 
good  results,  and  it  certainly  has  advantages  over  the  fixed  hearth. 
What  I  refer  to  is  the  Siemens  regenerative  principle,  which  is 
truly  scientific  and  yet  perfectly  simple  as  to  its  construction,  and 
so  &r  is  the  only  method  by  which  the  metallurgist  has  been  able 
to  secure  the  heat  necessary  for  making  steel  on  the  open-hearth 
plan ;  and  all  steel-melting  furnaces,  of  whatever  form  the  hearth 
has  been  constructed,  use  the  Siemens  regenerative  principle. 
Much  as  I  admire  the  Bessemer  process  and  well  know  what 
can  be  accomplished  with  it,  yet,  if  the  users  of  steel  insist  on 
lower  phosphorus,  it  will  have  to  be  made  in  the  open  hearth, 
and  by  the  Thomas  basic  process,  as  the  ores  which  will  make  steel 
of  high  grade  by  either  of  the  acid  processes  are,  so  far  as  knowu, 
quite  limited ;  and  the  Thomas  basic  Bessemer  process  requires 
high  phosphorus,  as  the  pig  iron  should  have  at  least  two  per  cent., 
and  this  is  more  difficult  to  obtain  in  quantity  than  the  low  is  for 


44        PROGRESS  IN   THE   MANUFACTURE   OF  IRON   AND   STEEL. 

the  acid  processes.  Steel  can  be  made  in  the  open  hearth,  on 
acid  lining,  quite  low  in  phosphorus,  but  at  a  greater  cost,  as 
you  must  start  with  first-class  material,  while  the  basic  might  be 
called  a  kind  of  a  scavenger.  I  do  not  say  this  in  a  disparaging 
sense,  but,  on  the  contrary,  a  material  which  is  perfectly  useless  (so 
far)  in  either  of  the  acid  processes,  can  be  utilized,  and  a  fairly 
good  steel  can  be  made  out  of  it,  by  the  basic  process,  and  it  is 
this  quality  which  makes  it  such  an  important  improvement  in  the 
science  of  metallurgy.  It  is,  however,  like  all  other  processes ;  if 
you  want  to  make  a  good  article  you  must  have  the  proper  mate- 
rial to  start  with.  Now,  while  it  is  being  rapidly  introduced  in 
many  parts  of  the  country,  I  think  it  proper  to  say  that  there  are 
large  users  of  steel  of  high  quality  who  will  only  use  the  acid 
open  hearth. 

There  are  several  other  forms  of  steel-making  furnaces,  amongst 
which  are  the'JPemot  and  the  Ponsard;  both  of  them  were 
designed  for  more  rapid  working.  The  former  has  an  inclined 
rotating  hearth,  which  keeps  the  metal  in  motion,  and  is  supposed 
to  work  more  rapidly  than  the  fixed  or  stationary  hearth.  The 
latter  (Ponsard)  is  in  its  construction  very  similar  to  the  Pemot^ 
it  being  designed  to  work  more  rapidly  than  the  Pemot,  and  in- 
troduces blast  like  the  Bessemer,  thereby  combining  the  two  pro- 
cesses by  blowing  the  metal  partially,  and  then  finishing  it  by  the 
Siemens  process.  Both  systems  use  the  Siemens  regenerative 
principle. 

I  have  now  mentioned  the  several  processes  for  making  steel 
rapidly,  but  to  describe  them  fully  would  not  only  be  impossible, 
but  out  of  place  in  a  paper  of  this  kind,  as  it  would  require  a 
large  volume  to  give  an  intelligent  description  of  them  all ;  but  I 
hope  I  have  succeeded  in  giving  you  such  an  outline  of  the  vari- 
ous processes  as  will  enable  you  to  form  some  general  idea  of 
them,  and  the  results  obtained,  and  shall  again  refer  to  them  in 
speaking  of  the  finished  product. 

Having  given  you  a  very  brief  account  of  the  progress  of  the 
iron  and  steel  industry  from  its  infancy  up  to  the  enormous  pro- 
duction in  1895, 1  shall  now  endeavor  to  show  the  wonderful 
changes  which  have  been  made  in  machine  tools  and  shop  practice. 
My  memory  of  machine  shops  dates  back  to  1832  and  1833. 
Within  a  short  distance  of  my  home  there  were  three  cotton 
mills  (and  large  ones  for  those  days),  two  woollen,  and  two  carding 
mills,  and  several  grist  mills,  as  they  were  called  at  that  time. 
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At  one  of  the  large  cotton  mills  they  bad  a  machine  shop,  where 
the  principal  repairs  for  all  the  mills  in  the  neighborhood  were 
generally  made.  My  father,  being  a  millwright  and  machinist, 
as  well  as  a  small  farmer,  did  all  the  important  repairs  for  all  the 
mills;  in  this  shop  consequently  I  spent  all  the  spare  time  I 
could  get  off  the  farm,  and  it  was  a  rare  treat  for  me  to  get  thera 
The  tools  consisted  of  two  small  lathes  for  turning  iron  and  one 
for  turning  wood ;  all  of  them  had  wooden  "  shears "  or  beds. 
There  was  also  a  machine  for  cutting  light  gears,  which  to  me 
was  a  great  curiosity ;  there  were  several  vises,  and  quite  a  number 
of  small  tools ;  one  they  called  a  "  doctor,"  which  was  used  to 
correct  "  drunken  threads,"  as  all  screws  of  any  importance  were 
cut  with  the  chaser.  A  few  years  later  I  frequently  wished  I  had 
one  of  them  to  straighten  up  some  crooked  threads  which  ]^  would 
unfortunately  get  on  my  hands.  This  little  insight  of  shop  prac- 
tice was  not  all  that  I  gained.  It  gave  me  an  opportunity  to  see  ^ 
the  machinery  in  operation  for  picking,  carding,  spinning,  and 
weaving,  the  remembrance  of  which  has  always  been  a  source  of 
pleasure  as  well  as  profit. 

In.  1838  I  went  to  learn  my  trade.  In  the  machine  shop  there 
were  about  the  same  number  and  character  of  lathes  as  in  the 
shop  mentioned,  but  they  were  larger,  one  of  them  being  a  double- 
ender,  for  the  purpose  of  boring  out  wheels  which  were  too  large  to 
swing  over  the  shears.  There  was  also  a  drill  press,  made  out  of 
a  lathe-head  casting,  bolted  against  a  12  x  12  inch  wooden  post ; 
it  was  not  a  very  sightly  machine,  but  it  did  good  work  for  the 
time.  We  made  small  brass  castings,  built  small  boilers  and  small 
engines,  and  did  all  kinds  of  country  machine  and  blacksmith  work ; 
we  made  our  own  patterns,  without  any  drawings.  It  was  from 
this  shop  that  I  was  sent  out  from  time  to  time  to  do  some  repairs 
at  the  small  charcoal  furnaces,  fo]ges,  and  mills.  The  rough 
training  I  had  at  this  primitive  shop  proved  of  great  value  to  me 
in  after-life. 

In  1843  a  party  commenced  to  build  a  bar  mill,  which  was  a 
new  business  in  that  neighborhood,  and  I  had  expected  to  have 
learned  something  from  it,  as  I  supposed  they  would  have  better 
tools  in  order  to  have  their  rolls  properly  turned,  as  it  would  be 
all  important  to  have  them  true  to  make  bar  iron  ;  but,  much  to 
my  regret,  the  party  failed  before  the  mill  was  completed. 

In  1846  I  became  connected  with  a  bar  mill,  and  practically  the 
only  tool  they  had  was  a  roll  lathe  with  the  old-fashioned  fixed 
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rest,  and  the  tool  was  regulated  by  keys  driven  with  a  chipping 
hammer.  After  a  time,  with  a  good  deal  of  persuasion  and  some 
strong  talk,  I  succeeded  in  getting  some  small  lathes,  a  planer, 
and  a  press  drilL  About  this  time  some  of  the  larger  iron  works 
put  in  some  better  tools,  but  they  were  all  small.  Indeed,  up  to 
this  time  about  all  the  tools  we  had  were  a  two-hand  chisel,  a 
sledge,  a  chipping  hammer  and  chisel,  a  file,  and  a  ratchet  drill. 
The  mills  all  being  geared,  we  had  a  set  of  drifts  to  suit  the  key- 
ways  in  the  various  wheels  and  shafts. 

In  1854  I  went  to  the  Cambria  Iron  Works  at  Johnstown,  and 
well  knowing  the  importance  of  having  good  tools  for  the  comple- 
tion and  perfection  of  such  a  plant  as  that  was  intended  to  be,  I 
earnestly  ui^ed  the  company  to  get  some  of  the  best  tools  which 
were  built,  which  they  consented  to,  and  at  the  same  time  had 
some  special  lathes  built,  and  made  much  heavier  than  any  which 
had  been  previously  designed.  This  was  the  commencement  of  a 
better  class  of  tools  about  an  iron  works,  and  greatly  facilitated 
the  great  improvements  which  soon  after  took  place.  But  this  is 
over  forty  years  ago,  and  what  was  a  good  tool  at  that  time  is  a 
very  indifferent  one  to-day,  as  the  machine-shop  equipments  have 
fully  kept  pace  with  the  times.  The  builders  have  not  only  per- 
fected the  machines  in  general  use,  by  making  them  heavier,  more 
powerful,  and  more  convenient,  but  they  are  building  special  tools 
for  almost  all  manner  of  purposes,  which  greatly  facilitates,  per- 
fects, and  cheapens  the  work,  and  renders  it  possible  to  get  parts 
of  a  machine  made  in  different  shops,  and  have  them  all  fit 
together  as  though  they  had  all  been  made  in  one  place. 

I  look  back  to  my  early  days  in  the  shop,  now  nearly  sixty  years 
ago,  and  call  to  my  mind  the  equipments  of  the  shop  in  the  way  of 
tools  which  I  have  already  described,  and  compare  the  faciUties 
for  making  drawings  of  to-day  with  those  at  that  time,  when  the 
complete  outfit  consisted  of  a  board,  a  carpenter's  square,  a  pair 
of  compasses  (as  we  then  called  them),  a  bevel,  a  lead  pencil,  and 
a  piece  of  chalk,  and  a  jack  plane  to  prepare  the  board  for  another 
drawing.  After  a  time  we  adopted  the  plan  of  making  models  in 
skeleton,  full  size,  especially  when  any  motion  was  to  be  worked 
out,  and  also  made,  when  it  was  possible,  all  the  drawings  full 
size ;  when  too  large  to  admit  of  this,  we  would  make  important 
sections  full  size,  and  this  practice  I  am  not  ashamed  to  follow  at 
the  present  time,  as  it  has  many  advantages. 

The  small  shop  tools  for  a  lathe  consisted  of  a  hook  tool  with 
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a  sharp  tit  on  the  bottom  to  hold  it  on  the  rest  (which  was  made  of 
soft  wrought  iron) ;  the  tool  was  made  oat  of  a  steel  bar  about  ^  by  | 
inch,  generally  put  in  a  wooden  stock  some  2^  inches  in  diameter, 
with  a  handle  on  the  lower  side,  as  you  see  in  Figs.  16  and  18.  In 
addition  to  the  tool  just  described,  there  was  a  finishing  tool  made 
in  the  shape  of  a  spike-head,  with  a  cutting  edge  on  both  sides,  one 
to  do  the  cutting  or  finishing,  and  the  other  to  keep  it  in  position 
on  the  rest ;  it  also  had  a  wooden  handle,  but  of  diflferent  construc- 
tion from  the  handle  of  the  hook  tool,  as  it  was  held  against  the 
shoulder  instead  o£^  under  the  arm ;  next  was  a  chaser,  and  last, 
as  usual,  was  the  ^'  doctor,'*  to  cure  in  a  measure  '^drunken 
threads,"  which  frequently  occurred.  The  small  tools  consisted 
of  a  pair  of  outside  and  an  inside  pair  of  calipers,  a  file,  and  a 
steel  straight-edge  (home-made),  12  inches  long,  and  divided  into 
inches,  I  inch,  ^  inch,  |  inch,  ^^  inch,  and  with  one  of  the  inches 
divided  into  thirty-seconds,  and  used  for  measuring  as  well  as  for 
a  straight-edge. 

Now  let  us  for  a  moment  note  the  equipments  of  a  modem 
machine  shop  for  comparison.  First,  they  have  a  great  drawing 
room,  and  a  good  corps  of  men  well  skilled  in  their  art,  and  are 
equipped  with  everything  which  is  essential  for  producing  work 
correctly  and  quickly,  with  blue  prints  by  the  score.  The  machine 
shop  of  to-day  is  a  marvel  in  completeness  of  equipment  for  doing 
work  correctly  and  with  rapidity,  having  special  small  tools  for 
all  purposes.  The  accuracy  with  which  their  round  gauges  are 
fitted  up  is  such  that  a  machinist  of  fifty  years  ago  could  not  pos- 
sibly realize  how  it  could  be  done.  Suppose  you  could  have  in  his 
presence  separated  a  one-inch  gauge,  and  held  the  plug  in  your 
hand  for  a  few  moments,  without  calling  his  attention  to  it,  then 
handed  it  back,  and  requested  him  to  put  it  in  its  place  again ; 
when  he  found  he  could  not  get  them  together,  he  would  think 
there  were  some  old-time  witches  about. 

The  latter  part  of  the  present  century  is  remarkable  for  the 
success  attained  in  designing  and  perfecting  instruments  and 
methods  for  correcting  the  old  and  imperfect  systems  of  former 
years.  The  invention  and  construction  of  instruments  of  pre- 
cision and  the  methods  of  their  calibration  and  adjustment,  which 
enable  measurements  to  be  taken  within  one  ten-thousandth  of  an 
inch ;  machines  for  measuring  tapers,  which  enable  the  mechanic 
to  fit  taper  work  with  almost  the  same  perfection  and  facility  as 
parallel  work,  are  refinements  of  practice  peculiar  to  modem  times^ 
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shaft  and  crank  pin,  and  took  his  advice  and  so  ordered  them. 
The  iron  shafts  and  crank  pins  were  from,  what  I  considered  at 
that  time,  the  best  forge  plant  in  the  country.  Having  had  some 
previous  experience  in  a  small  way  with  both  metals,  and  the 
results  not  being  altogether  lovely,  I  thought  it  prudent  to  see  in 
what  condition  the  metal  in  the  centre  of  these  foldings  was.  In 
order  to  show  this,  a  hole  about  four  inches  in  diameter  was  bored 
through  the  centre  of  them  all,  seven  in  numbeV,  and  all  were 
unsound  in  the  centre ;  in  the  iron  the  imperfections  ran  longi- 
tudinally, and  the  four-inch  hole  practically  cleaned  them  out. 
The  steel  shaft,  which  was  about  fourteen  inches  in  diameter  and 
some  twelve  feet  in  length,  proved  unsound  in  the  four-inch 
hole,  and  showed  serious  imperfections  in  the  form  of  lai^e 
cracks  or  openings  running,  as  it  were,  circumferentially  on  the 
inside  of  the  shaft ;  the  hole  was  enlarged  to  about  six  and  one- 
half  inches  in  diameter,  and  some  of  the  imperfections  were  still 
visible.  The  position  of  the  shaft  was  such  when  in  use  that, 
should  it  give  way,  it  would  not  be  likely  to  do  any  serious  dam- 
age ;  so  we  concluded  to  use  it  When  the  hole  was  bored  through 
the  steel  crank  pin  it  showed  so  badly  that  we  split  it  in  two 
lengthwise.  It  was  full  of  cracks,  some  of  them  extending  almost 
to  the  outer  edge.  Its  condition  was  frightful  to  a  person  who 
was  contemplating  the  building  of  a  large  plant  for  the  purpose 
of  making  steel  foi^ngs,  as  I  was  at  that  time.  My  experience 
in  making  steel,  in  heating,  rolling,  and  forging,  had  already  con- 
vinced me  that  it  would  require  great  skill,  and  still  greater  care, 
to  prevent  imperfections  in  the  interior  of  steel  forgings,  yet  I  was 
not  prepared  to  witness  anything  approaching  the  condition  which 
the  splitting  of  this  forging  revealed.  The  chemical  analysis,  as  I 
remember,  was  fairly  good.  There  had  been  some  blow-holes  in 
the  ingot,  as  there  are  in  too  many  of  them.  To  my  mind  the 
trouble  was  almost  entirely  due  to  two  causes:  first,  the  ingot 
had  been  put  into  a  hot  furnace  and  heated  up  too  rapidly,  pulling 
the  centre  apart,  causing  internal  ruptures ;  secondly,  it  had  been 
forged  under  a  light  hammer,  in  all  probability  using  steam  on 
top  of  the  piston,  which  gives  a  quick  stroke,  and  does  not  give  the 
metal  time  to  flow,  or  the  force  of  the  blow  to  reach  the  centre  of 
the  ingot,  consequently  elongating  the  outside  more  rapidly  than 
the  interior ;  and  the  imperfections,  whatever  they  may  be,  are 
always  the  weaker  parts,  and  the  eflfect  of  the  blow  on  the  out- 
side elongates  them,  as  it  were,  by  pulUng  them  apart  more  rapidly 
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than  the  soimd  outside  of  the  ingot ;  consequently  the  imperfec- 
tions were  greatly  augmented. 

Mr.  W.  F.  Durfee,  in  a  paper  read  before  the  Franklin  Institute 
on  the  "  Conditions  which  Cause  Wrought  Iron  to  be  Fibrous  and 
Steel  Low  in  Carbon  to  be  Crystalline  " — and  a  most  admirable 
paper  it  is,  and  one  which  every  maker  and  user  of  steel  should 
read  and  study — says,  in  regard  to  unsound  ingots:  '^It  is 
a  common  opinion  that  one  of  the  reasons  why  steel  forgings 
are  often  found  hollow  in  the  interior  is  the  failure  to  work 
them  under  a  sufSciently  heavy  hammer,  but  no  hammer,  not 
even  the  hammer  of  Thor,  can  do  more  than  aggravate  the 
evil  of  internal  ruptures  of  ingots  in  steel."  This  is  well 
said,  and  is  a  truth  which  cannot  be  gainsaid.  It  was  im- 
perfect or  unsound  ingots,  lack  of  knowledge  in  heating,  in 
forging,  and  also  the  want  of  proper  skill  to  treat  the  forgings 
properly,  after  they  were  made,  which  caused  so  many  failures  in 
the  early  days  of  its  manufacture,  which  made  many  people  think 
and  believe  that  there  was  some  mysterious  uncertainty  in  the 
metal.  Consequently  they  discarded  its  use  altogether ;  and  to 
some  extent  this  impression  is  still  in  existence,  and,  to  my  sur  • 
prise,  only  a  short  time  since  quite  a  prominent  engineer  said  to 
me  that  he  was  still  using  wrought-iron  shafts  on  account  of  the 
uncertainty  of  steel  forgings.  To  those  persons  who  were  using 
steel  low  in  carbon,  for  various  purposes,  I  would  urge  the  use  of 
a  higher  grade  of  steel,  well  knowing  it  would  answer  their  pur- 
pose better ;  but  was  answered  by  saying  that  it  required  too 
high  a  grade  of  skill  to  utilize  it ;  they  must  have  a  material  which 
any  one  could  handle,  consequently  the  steel  was  so  low  in  carbon 
that  it  was  no  better  than  iron,  and  in  many  instances  not  as 
good.  My  own  early  experience  having  fully  convinced  me  that 
nearly  all  the  failures  were  due  to  the  use  of  improper  kind  and 
grade  of  steel,  being  too  low  in  carbon,  and  in  most  instances  so 
high  in  phosphorus  and  sulphur  that  nothing  but  failure  could  be 
'  expected,  yet  it  was  useless  to  attempt  to  convince  them  that  a 
higher-carbon  steel  of  proper  analysis  would  answer  their  pur- 
pose. They  said  no ;  we  are  going  back  to  iron  ;  we  know  what 
that  is,  and  we  can  trust  it.  I  was  told  that  a  machinist  had  let 
a  locomotive  crank  pin  fall  off  his  shoulder  on  the  shop  floor  and 
it  broke  in  two  pieces,  and  I  could  readily  imagine  that  a  condi- 
tion could  exist  which  would  render  it  liable  to  break  from  the 
most  trifling  cause.    I  also  was  told  that  in  pinching  a  locomo- 
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idve  back  and  forth  in  the  shop,  in  order  to  set  the  yalves,  that  a 
steel  orank  pin  was  broken,  and  many  other  mysterious  cases,  as 
the  laymen  called  them,  were  reported.  At  all  events  the  general 
condition  of  steel  forgings  was  snch  that  it  was  not  safe  to  nse 
them  where  loss  of  life  might  result  from  failure.  I  have  already 
alluded  to  phosphorus  and  sulphur  as  most  deleterious  elements 
in  steeL  There  are,  however,  still  some  people  who  contend  that 
phosphorus  to  an  extent  not  in  excess  of  twelve  one-hundredths 
(.12)  will  do  no  harm  in  low  steel,  and  I  have  been  told  quite 
recently  that  a  person  who  posed  as  a  mechanical  engineer  and 
a  steel  maker,  endorsed  that  position.  He  may  be  both,  but  I 
will  take  this  occasion  to  put  myself  on  record  by  saying  that  I 
have  no  use  for  phosphorus  in  any  shape  or  form  whatever,  and 
by  keeping  it  low  you  can  increase  the  carbon,  which  is  in  the 
right  direction  for  good  steel. 

Having  shown  you  something  of  the  character  of  steel  in  ita 
early  days,  and  its  failures,  and  the  disrepute  into  which  it 
fell,  let  us  suppose  that  the  mechanical  engineers,  who  at  that 
time  were  the  men  who  had  charge  of  the  practical  part  of  the 
steel  business,  had  said  that  steel  was  no  good,  and  dropped 
it,  and  said,  "  We  will  go  bock  to  the  old  concrete  of  metal  and 
cinder  again ;  it  is  good  enough  " — then  where  would  we  have 
been  to-day?  But  they  did  nothing  of  the  kind;  and  let  me  tell 
you  the  mechanical  engineer  of  that  day  was  not  made  of  that 
kind  of  material,  for  the  engineers  who,  in  face  of  the  prejudices 
of  a  continent,  advocated  the  substitution  of  steel  for  iron  were 
men  who  regarded  obstacles  and  prejudices  as  things  which 
were  made  to  be  conquered.  Having  been  on  many  occasions 
placed  in  much  the  same  situation  in  other  lines,  he  had  gone 
far  enough  to  see  that  there  was  a  valuable  germ  in  steel  for  the 
future,  and,  if  properly  cultivated,  it  was  sure  to  produce  great 
results.  What  did  he  do  ?  Took  oflf  his  coat,  called  to  his  aid 
that  all-important  adjunct  to  steel  makers,  the  chemist,  and 
then  went  to  work  as  he  had  done  many  times  before  when 
things  looked  equally  discouraging,  saying,  *'  This  seems  to  be  a 
great  thing,  and  we  will  put  it  through,''  and  produced  the 
grandest  material  for  construction  purposes  that  the  world  has 
ever  known,  and,  as  I  said  before,  which  will  enable  engineers 
to  solve  great  constructive  problems  which,  but  for  the  improve- 
ments in  the  art  of  steel  making,  could  not  have  been  aocom- 
plished. 
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Now,  after  all  the  labor,  anxiety,  vexations,  and  disappoint- 
ments which  have  been  suffered,  and  in  the  face  of  the  final  suc- 
cess, are  we  to  be  told  that  it  cannot  be  used,  because  it  re- 
quires too  much  skill  and  careful  treatment  in  both  forge  and 
shop  ?  I  sincerely  hope  and  believe  JJiat  we  are  not  But  there 
is  another  all-important  feature  of  this  subject,  and  that  is  the 
practical  knowledge  which  is  necessary  in  order  to  select  the 
proper  quality  of  steel  to  be  used  for  the  various  purposes  to 
which  it  is  to  be  applied ;  and  the  want  of  this  knowledge  has 
been  the  cause  of  many  failures,  and  this  knowledge  can  only  be 
obtained  by  a  large  practical  experience.  When  I  say  proper 
quality  of  steel  for  various  purposes,  I  do  not  mean  steel  alone 
low  in  phosphorus  and  sulphur  (for  all  steels  should  be  low  in 
both  these  obnoxious  elements),  but  what  I  mean  is  the  proper 
amount  of  carbon  to  suit  the  physical  conditions  which  it  will 
be  called  upon  to  endure,  and  experience  must  be  our  guide. 
Fortunately,  much  of  it  has  already  been  obtained,  so  that  there 
ought  to  be  but  little  excuse  for  mistakes  and  failures. 

It  is  not  the  object  of  this  paper  to  enumerate  the  various 
purposes  for  which  steel  should  be  used,  or  to  indicate  the 
proper  amount  or  grade  of  carbon  to  suit  the  various  and 
changeable  conditions  to  which  it  will  be  subjected,  but  simply 
to  call  your  attention  to  the  importance  of  proper  selection. 

I  will  noYf  speak  briefly  of  the  subject  of  forging  steel  shafts 
hollow,  as  none  other  should  be  used.  If  not  large  enough  in 
diameter  to  forge  hollow,  let  them  be  bored  out  and  properly 
annealed.  Next  I  will  call  your  particular  attention  to  the  all- 
important  matter  of  the  system  to  be  adopted.  While  I  was 
contemplating  the  design  of  a  forging  plant  for  making  both 
light  and  heavy  forgings,  fortunately  I  met  Lieutenant  Jaques, 
U.  S.  N.,  who  was  secretary  of  the  American  Gun  Foundry 
Board,  and  had  just  returned  from  abroad,  where  they  had  been 
inspecting  the  naval  armaments  of  Europe,  and  they  also  investi- 
gated the  various  systems  of  forging  gun  material,  and  he  was 
so  highly  impressed  with  the  Whitworth  hydraulic  system  of 
forging  that  he  made  arrangements  with  Sir  Joseph  Whitworth 
&  Co.,  Limited,  of  Manchester,  England,  for  the  machinery  for 
a  complete  forging  plant,  to  be  erected  in  any  place  in  the  United 
States  and  by  any  parties  with  whom  he  might  desire  to  make 
arrangements.  Shortly  after  Lieutenant  Jaques's  return  he  vis- 
ited Bethlehem,  and  told  me  what  he  had  seen  done  in  the  way 


56        PROGRESS  IX  the' MANUFACTURE  OF  IRON  AND  STEEL. 

of  hollow  forging.  I  was  so  impressed  with  his  account  that  I 
at  once  advised  the  Bethlehem  Iron  Company  to  make  arrange- 
ments for  the  machinery  for  a  complete  plant,  which,  after  a  time, 
they  concluded  to  do,  and  through  Lieutenant  Jaques  a  con- 
tract was  entered  into  with  Sir  Joseph  Whitworth  &  Co.,  Lim- 
ited, for  the  machinery  for  a  complete  forging  plani  Mr, 
Jaques  resigned  his  commission  in  the  Navy  and  became  my 
associate  in  the  inauguration  and  development  of  the  Bethlehem 
plant  which  is  now  so  well  known.  It  is  to  Sir  Joseph  Whit- 
worth and  his  able  superintendent,  Mr.  M.  Gledhill,  that  the 
world  is  indebted  for  the  most  perfect  system  of  forging  which 
has  ever  been  devised,  and  to  Lieutenant  Jaques  the  credit  is 
due  for  its  introduction  into  this  country.  In  connection  with 
the  forging  plant  was  included  a  hydraulic  compression  plant, 
under  which  the  fluid  steel  is  compressed  during  its  solidifica- 
tion, which  practically  prevents  cracks,  piping,  and  blow-holes, 
and  greatly  reduces  segregation,  which  are  vital  considerations 
in  the  manufacture  of  steel  ingots.  An  imperfect  ingot  caused 
by  piping  or  cracks  should  be  condemned  to  remelting. 

The  subject  of  hollow  forgings  being  one  in  which  the  mechan- 
ical engineer  is  more  or  less  interested,  I  will  give  a  brief  descrip- 
tion of  the  process,  and  how  the  ingot  is  prepared.  Having 
already  told  you  that  the  metal  is  subjected  to  pressure  while  in 
a  fluid  condition,  I  will  now  commence  with  a  cold  ingot.  It  is 
first  examined  externally,  and  if  there  are  no  imperfections  vis- 
ible it  is  then  put  into  a  powerful  lathe,  and  after  the  proper  dis- 
card is  cut  off  it  is  then  cut  to  the  proper  length,  that  being  deter- 
mined by  the  final  weight  of  the  forging  for  which  it  is  intended. 
Next  it  goes  to  the  boring  mill,  and  is  bored  out  to  a  size  corre- 
sponding to  the  diameter  of  the  hole  in  the  finished  forging.  You 
now  have  the  ingot  (or  such  part  as  you  want)  in  the  best  possi- 
ble shape  for  examination ;  and  this  is  not  all,  for  the  centre  of 
the  ingot  is  always  the  most  undesirable  part  of  it,  and  the  bor- 
ing of  the  hole  gets  it  out  of  the  way  entirely.  We  now  have  it 
in  the  most  desirable  condition  possible  for  the  heating  furnace, 
where  it  next  goes,  and  it  is  in  the  heating  that  it  is  exposed  to 
its  greatest  danger,  and  where  skill  and  the  greatest  possible 
care  are  required.  It  must  be  charged  in  a  cold  furnace,  which 
should  be  a  preheating  furnace,  and  heated  up  slowly  until  the 
heat  reaches  the  centre  ;  it  is  then  taken  to  the  forge  furnace, 
and  heated  slowly  and  regularly  (in  order  to  prevent  internal 
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more  than  a  fair  one  for  a  comparison  of  a  wrought-iron  shaft 
with  one  of  steel,  for  no  such  results  could  have  been  obtained 
from  wrought-iron  shafts  as  formerly  made.  The  tests  were 
taken  from  a  puddled  bar  reworked  car  axle.  The  tensile 
strength  in  the  different  test  bars  taken  from  this  axle  vary 
between  44,000  and  45,000  pounds,  the  elastic  limit  between 
18,000  and  23,000  pounds,  the  elongation  between  21  and  27 
per  cent,  the  contraction  of  area  between  40  and  48  per  ceni 
Compare  this  with  some  results  obtained  in  hollow-forged,  oil- 
hardened,  and  annealed  nickel-steel  shafting,  the  physical  prop- 
erties of  which  are  :  tensile  strength,  95,000  to  100,000  pounds ; 
elastic  limit,  60,000  to  65,000  pounds ;  elongation,  20  to  26  per 
cent.;  contraction  of  are{^,  55  to  60  per  cent.  It  is  safe  to  assume 
that  in  shafts  of  any  size  a  nickel-steel  shaft  as  above  would 
haye  three  times  the  elastic  strength  of  a  wrought-iron  shaft,  and 
taking  into  consideration  the  fact  of  hollow  forging  with  judi- 
cious proportioning  of  inside  and  outside  diameter,  it  would  be 
possible  to  make  a  nickel-steel  shaft  of  one-quarter  the  weight 
of  a  wrought-iron  shaft  and  obtain  the  same  elastic  or  working 
strength.  The  greater  contraction  of  area  shown  by  the  nickel 
steel  proves  it  a  safer  material  against  shock,  as  the  greater  the 
contraction  the  greater  will  be  the  amount  of  local  distortion 
which  can  take  place  without  rupture.  This  is  clearly  shown  by 
the  old  but  still  reliable  bending  test,  which  is  always  in  pro- 
portion to  the  contraction  of  area,  and  not  to  the  elongation,  as 
most  commonly  supposed.  This  nickel-steel  test  is  no  fancy 
one  gotten  up  for  show,  but  was  taken  from  the  forging,  and  was 
the  test  on  which  the  work  was  actually  accepted,  and  was  taken 
from  a  prolongation  of  the  forging  of  a  shaft  17  inches  diameter. 
The  hole  was  11  inches  diameter.  You  will  notice  that  the 
shaft  from  which  this  test  was  taken  was  specially  treated  by 
oil-hardening  and  annealing.  While  I  am  fully  aware  that  there 
are  many  persons,  and  some  of  them  high  in  authority,  who 
doubt  the  propriety  of  such  treatment,  yet  when  the  work  is  in 
a  proper  shape  to  receive  the  treatment,  and  it  is  made  with 
intelligence  and  care,  my  experience  has  fully  convinced  me  that 
this  special  treatment  produces  the  best  possible  results,  and 
for  many  purposes  it  is  indispensable.  Steel  can  be  made 
higher  in  tensile  strength  and  elastic  limit  than  the  test  referred 
to,  but  to  some  extent  it  will  be  at  the  expense  of  extension  and 
contraction  of  area. 
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length  and  diameter  of  test  bar,  they  are  more  valuable  in  com- 
paring results  &om  varying  sizes  of  test  bar.  As  the  carbon  in 
steel  increases,  the  variation,  due  to  work  reduction,  becomes 
less,  while  that  of  annealing  becomes  greater.  The  variation 
obtained  by  treatment  increases  rapidly  with  increasing  carbon. 
Steel  .45  in  carbon  showing  : 

Elastic  Contmction 

Tensile  Strengtli.  Limit.  Elongation.  of  Area. 

90,000  45,000  15  iO% 

By  oil-tempering : 

96,000  55.000  18  50% 

The  above  are  about  the  best  figures  to  be  used  in  forging 
ordinary  work.  If  higher  or  lower  strength  is  required,  it 
may  be  obtained  by  varying  the  carbon.  If  increased  strength 
and  elastic  limit  are  required,  without  sacrificing  toughness,  it 
may  be  obtained  by  using  nickel  steel. 

As  illustrative  of  the  advantage  of  the  use  of  higher  carbon 
steels  may  be  cited  the  piston  rods  of  steam  hammers,  espe- 
cially those  of  large  size,  where  the  strains  were  found  too 
severe  for  the  softer  steels  to  stand  for  any  length  of  time, 
proving  beyond  question  the  value  of  considering  the  effect  of 
the  fatigue  of  metals,  rather  than  a  rupturing  force  of  sudden 
application.  In  view  of  the  above  well-known  facts  it  must 
seem  strange  that  many  progressive  builders  of  steam  engines 
still  continue  to  use  soft-steel  rods  as  an  alleged  means  of 
safety.  In  this  instance  it  seems  fair  to  congratulate  the  bicycle 
maker  as  the  first  to  recognize  the  value  of  the  development 
in  the  manufacture  of  steel,  in  the  direction  of  higher  carbon, 
with  all  its  salient  advantages,  with  regard  to  combining  strength 
with  lightness. 

There  is  no  doubt  that  the  elements  of  first  cost,  and  timidity, 
have  deterred  some  from  a  possible  progress  made  available 
to  them. 

The  modulus  of  elasticity  being  constant  in  both  high  ancJ- 
low  carbon  steels,  cases  may  arise  in  structural  work  where  the 
higher  steels,  owing  to  the  greater  care  necessary  in  working, 
with  the  consequent  increase  of  cost,  may  offer  no  compensating 
advantage  over  the  use  of  softer  steels. 

Having  learned  that  the  introduction  of  a  comparatively 
small  percentage  of  nickel  (which  was  first  emphasized  by  Mr. 
James  Biley  of  Glasgow)  greatly  improves  the  qualities  of  steel. 
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especially  the  elastic  limit  and  contraction  of  area,  would  it  be 
unreasonable  to  think  that  other  discoveries  will  be  made  which 
will  still  further  improve  the  quality  and  greatly  promote  the 
art  of  steel  making  ? 

When  we  look  back — and  at  times  it  is  well  to  survey  the 
past — we  see  the  marvellous  changes  which  have  taken  place 
within  the  last  half  century  in  the  manufacture  and  production 
of  iron  and  steeL  We  have  seen  already  what  nickel  will  do,  and 
note  the  advantageous  effect  which  a  small  amount  of  chromium 
or  tungsten  will  produce  in  steel  for  certain  purposes,  and  the 
remarkable  results  produced  by  Hadfield  through  the  intro- 
duction of  manganese  in  varying  quantities,  and  when  we  see 
the  marvellous  quieting  effect  produced  on  molten  steel  by  the 
addition  of  an  almost  infinitesimal  amount  of  aluminum,  and 
with  practical  men  watching  with  an  intensity  only  known  to 
one  who  loves  his  profession,  for  the  slightest  change  which  may 
take  place  in  the  art,  and  with  the  chemist  at  his  side  ready 
waiting  to  explain,  and,  if  possible,  turn  them  to  advantage,  it 
seems  to  me  a  justification  of  the  views  which  I  have  taken, 
and  leads  us  to  anticipate  great  progress  in  the  years  to  come. 

In  conclusion,  the  modem  practice  of  steel  making  has,  in  the 
hands  of  the  mechanical  engineer,  the  metallurgist,  and  chemist, 
wrought  wonders  in  producing  a  material  which  in  quantity, 
physical  qualities,  and  cheapness  would  have  been  regarded  as 
utterly  impossible  half  a  century  ago,  when  steel  rails,  beams, 
angles,  and  plates  were  not  thought  of,  and  steel  was  regarded  as 
a  luxury  among  the  materials  of  the  working  artisan.  The  labor 
of  the  men  of  iron  and  steel  have  so  cheapened  their  products 
that  to-day  we  are  enabled  to  use  steel  for  the  commonest  pur- 
poses as  well  as  for  the  most  expensive  articles  produced  by 
the  skill  of  the  mechanic.  No  article  is  too  humble  to  be  made 
of  it,  and  no  structure  so  grand  and  important  as  to  refuse  its 
services  ;  it  is  demanded  in  the  frying-pan  as  well  as  in  the  vast 
bridges  and  viaducts,  as  well  in  the  housewife's  needle  as  in  the 
great  leviathans  which  have  made  the  ocean  but  a  span  of  less 
than  a  week ;  thus  we  find  steel  asserting  its  value  through 
every  walk  of  life,  and  extending  to  every  clime,  linking  lands  in 
that  bond  which  grows  broader  and  stronger  with  the  years, 
till  even  now  we  can  see,  if  but  dimly,  on  the  horizon  the  prom- 
ise of  the  linking  of  nations  in  the  universal  brotherhood  of 
mankind,  and  bringing  the  longed-for  era  of  eternal  peace. 
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It  was  not  the  intention  of  the  writer  to  speak  of  matters  be- 
yond date  of  his  own  experience,  but  it  may  be  of  historic  value 
and  interest  to  know  something  of  the  early  plate  mills,  and  I  will 
make  the  following  brief  allusion  to  one  of  them  : 

In  1810  Isaac  Pennock  built  a  mill  near  Coatesville,  Chester 
County,  Pa.,  and  it  is  claimed  that  the  first  boiler  plates  which 
were  made  in  this  country  were  made  on  this  mill.  The  plates 
were  made  from  a  single  charcoal  bloom,  the  bloom  being  made 
in  an  old-fashioned  charcoal  fire — pig  metal.  The  blooms  were 
reheated  on  an  ordinary  grate  fire  and  rolled  into  plates,  and 
were  shipped  without  being  sheared.  There  were  no  railroads 
in  those  days.  Coal  was  hauled  from  Columbia,  distant  36 
mUes.  The  plates  were  teamed  to  Philadelphia,  35  mUes  distant, 
and  to  Wilmington,  26  miles.  Some  of  the  older  members  of  this 
Society  will  doubtless  remember  that  in  old  times  the  boilers 
were  small  in  diameter,  and  had  narrow  sheets.  This  came 
from  the  fact  that  they  heated  the  blooms  on  a  grate  fire,  and 
there  being  no  reverberatory  furnaces  at  that  time  in  the  country, 
could  not  be  doubled ;  consequently  the  size  of  the  plate  was 
limited  to  the  size  of  the  bloom.  The  rolls  were  small,  and 
short  of  power  to  drive  them.  This  mill  has  been  rebuilt  three 
or  four  times  within  my  recollection.  To-day  they  have  open- 
hearth  furnaces  for  making  steel,  and  can  roll  plates  119  inches 
wide  and  of  great  length.  One  thing  is  quite  remarkable  about 
these  works :  they  have  always  remained  in  the  family  of  Isaac 
Pennock,  and  are  at  this  time  controlled  by  his  descendants. 

Note  by  the  Sbcrbtabt. — Mr.  Fritz  illnstrated  the  reading  of  this  paper  by 
a  full-size  drawing  of  the  ingot  lathe  referred  to  on  page  50.  This  drawing 
was  mounted  at  the  south  end  of  the  auditorium,  and  was  too  long  to  go  even 
upon  the  thirty  feet  length  of  that  wall.  Two  photographs  were  taken  of  the 
hall  with  the  drawing  in  place,  which  are  reproduced  in  Figs.  20  and  21. 

DISCUSSION. 

Mr.  WiUiavi  Henry  Jaqn^s. — While  it  is  not  a  general  cus- 
tom of  this  Society,  I  believe,  to  discuss  the  addresses  of  our 
Presidents,  I  rise  to  a  question  of  privilege  to  acknowledge  the 
compliment  which  has  been  paid  to  me  to-night  in  relation  to  my 
connection  witli  the  development  of  steel  in  the  past  ten  years. 
To  have  had  the  opportunity  to  assist  in  making  this  country 
independent  of  the  rest  of  the  world  in  the  production  and  hand- 
ling of  great  masses  of  steel,  of  armor  and  heavy  ordnance,  is  cer- 
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handsome  as  well.  (Laughter  and  applause.)  I  remember  when 
it  was  announced  at  Johnstown  in  1854  that  John  Fritz  was  com- 
ing. There  was  something  mysterious  and  awe-inspiring  in  the 
name  to  the  boy  that  I  then  was.  It  was  so  German ;  it  indicated 
so  much  solid  learning ;  it  was  something  like  the  feeling  which 
I  had  when  we  first  got  a  chemist  whose  name  was  Friel  and  who 
wore  spectacles.  He  could  even  tell  what  there  was  in  stones ; 
and  the  chemist  (like  the  man  of  whom  Shakespeare  tells  who 
found  sermons  in  stones)  finds  many  things,  good,  bad,  and  indif- 
ferent, in  stones,  as  there  are  sermons  which  are  good,  bad,  and 
indifferent.    (Laughter.) 

Mr.  Fritz  came  to  Johnstown  when  I  was  a  telegrapher  on  the 
Pennsylvania  Railroad.  I  have  seen  the  Cambria  Iron  Works 
grow  under  his  charge,  and  I  have  known  what  he  did  there.  I 
used  to  go  to  the  mills  and  wonder  at  the  massive  machinery,  and 
his  paper  brings  back  to  me  the  experiences  of  those  earlier  days. 
But  do  you  know  that  what  staggers  me  is,  that  while  it  is  forty 
years  since  I  first  saw  Mr.  Fritz,  I  find  here  that  he  looks  not 
much  less  young  and  seemingly  fully  as  vigorous  as  he  looked 
then  ?  He  has  changed  the  color  of  his  hair — evidently  dyeing  it 
gray  so  as  to  be  in  the  fashion  with  me — but  with  that  exception 
I  do  not  see  much  difference.  He  is  as  genial  as  then,  and,  if 
anything,  mellowed  and  ripened  by  his  age.  I  often  think  that 
while  every  stage  of  life  may  have  its  wreath,  the  highest  crown 
is  reserved  for  the  age  to  which  our  President  has  not  yet 
attained  indeed,  though  he  has  some  relish  of  age  upon  him.  It 
is  the  crown  of  an  old  age  rich  in  the  respect  and  honor  and 
friendship  of  those  who  know  you  best.  We  hope,  sir,  that  many 
long  years  will  be  spared  to  you ;  and  while  it  is  impossible  for 
you  to  rise  higher  in  the  esteem  and  affection  of  the  troops  of 
friends  who  love  and  adlnire  you,  still  you  can  gratify  them  by 
continuing  to  come  in  and  out  among  us  and  allowing  us  to  claim 
you  as  our  friend  and  mentor — the  Nestor  of  our  profession  and 
the  possessor  of  all  our  hearts. 

Mr.  William  Kent — I  hope  that  the  President  will  call  upon 
other  steel  engineers.  Our  meeting  will  not  be  complete  unless 
we  hear  from  both  Bessemer  and  open-hearth  engineers. 

The  President — I  want  to  call  on  our  friend  Robert  Hunt,  who 
looks  like  a  young  fellow  yet.  He  was  one  of  the  early  boys  in  the 
Bessemer  business,  and  has  done  his  full  share  in  the  hard  work  of 
those  early  days,  and  has  earned  the  success  which  he  has  attained. 
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Mr.  Robert  Sunt — ^My  friends  who  know  me,  Mr.  President, 
will  recognize  that  he  who  has  a  high  forehead,  such  as  I,  takes  a 
means  to  avoid  the  dye  for  his  hair  which  Mr.  Carnegie  accuses 
his  friends  of  using.  (Laughter.)  But,  after  all,  I  still  hope  I 
am  a  boy,  as  Mr.  Fritz  has  told  you. 

I  have  been  quite  struck  with  the  great  ability  which  he  has 
shown  In  all  directions,  and  with  his  apparent  frankness  and  want 
of  guile.  At  the  same  time  he  possesses  that  great  Pennsylvania 
quality  of  going  to  the  point  which  he  desires  to  reach,  in  spite  of 
all  obstacles.  A  few  minutes  ago  he  told  you  that  the  way  to 
make  a  good  steel  shaft  was  to  take  the  centre  out  of  it.  Now, 
I  remember  upon  a  memorable  occasion — and  made  memorable 
through  the  good  efforts  of  that  dear  departed  friend  of  ours  to 
whose  memory  we  will  pay  our  tribute  to-morrow — that  when 
Mr.  Leavitt  was  called  upon  to  give  his  testimony  as  to  Mr.  Fritz's 
abilities  as  a  steel  maker,  he  pointed  out  that  he,  Mr.  Fritz,  had 
discovered  that  the  true  chemical  way  to  eliminate  phosphorus 
was  to  bore  the  centre  out  of  whatever  he  made  (laughter) — 
thus  doing  it  mechanically.  He  is  a  great  mechanic — not  much 
of  a  chemist,  but  a  tremendous  mechanic.  He  started  out  with 
this  little  instrument  (referring  to  Mr.  Fritz's  hook-tool)  and  he 
developed  that  (pointing  to  drawing  of  a  lathe). 

The  PreeiderU. — Show  me  how  I  held  that. 

Mr.  Hunt, — You  said  it  jerked  you.  I  don't  want  to  take  any 
risks.  (Laughter.)  And  he  undertakes  mechanically  to  solve  the 
whole  trouble,  and  I  don't  blame  him.  With  the  metallurgical 
materials  with  which  he  has  had  to  deal  I  should  have  thought 
he  would  have  built  a  bigger  lathe.  But  I  consider  it  a  great 
privilege  that  to-night  we  have  listened  to  this  address.  It  is  a 
great  privilege  to  us  of  the  steel  world,  who  have  done  our  little 
part  in  trying  to  accomplish  something  for  that  world,  and  inci- 
dentally for  ourselves,  to  listen  to  the  words  from  our  master, 
from  our  teacher,  and,  if  we  were  not  so  near  the  same  age,  I 
would  say  our  father.  But  sometimes  I  think  he  is  our  step- 
father. What  a  great  stepfather  he  has  been  to  many  of  us !  And 
when  we  have  had  troubles  and  difficulties  and  wondered  how 
these  would  be  overcome,  he  was  always  ready  to  give  us  good 
words  of  encouragement  and  advice,  and  behind  all  that  there  was 
the  one  great  principle  from  which  he  has  never  deviated,  and 
therefore  he  is  as  he  is :  "  Be  true  to  yourself,  then  you  will  be 
true  to  everybody  else,  and  no  matter  how  the  tides  may  seem 
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to  come  against  you,  there  will  be  but  one  thing,  and  that  is,  to 
you  success."    (Applause.) 

Mr,  WeUman, — Mr.  President,  I  do  not  know  that  I  can  say 
I  much.  But  I  am  very  glad  to  be  here  to-night.  I  am  very  glad 
to  be  here  to  greet  our  President,  and  very  glad  to  have  heard  his 
paper.  It  takes  my  memory  back,  not  a  great  many  years  ago, 
when  as  a  boy  down  in  New  England  I  heard  about  Mr.  Fritz  and 
the  great  works  he  was  building  up  in  Pennsylvania.  So  I  sat 
down  one  day  and  I  thought  I  would  write  to  him  for  a  job.  I 
wrote  to  him,  but  he — I  have  forgotten  exactly  what  the  answer 
.  was.  But  I  didn't  get  the  job.  (Laughter.)  I  suppose  he  had 
so  many  Pennsylvania  boys  down  there  that  were  just  as  anxious 
as  I  was.  But  not  many  months  ago  he  was  good  enough, to  say 
that  he  was  very  sorry  that  he  did  not  give  me  the  job. 

The  Presidmt — I  say  that  most  heartily. 

Mr.  Wellman, — I  do  not  know  that  I  can  add  anything  to  what 
has  been  said.  I  have  been  very  much  interested — particularly 
interested  this  afternoon  when  I  was  trying  to  get  this  big  lathe 
upon  the  wall,  especially  to  bend  that  end  of  it  around  the  corner. 
That  was  a  pretty  tough  job.  (Laughter.)  I  thank  you,  Mr. 
President,  for  giving  me  the  opportunity  to  speak. 

Mr.  Allan  Stirling. — Mr.  President  and  gentlemen,  I  only  wish 
to  mention  a  name  in  connection  with  the  mechanical  engineering 
of  the  Bessemer  process,  and  this  name  can  very  rightly  be  coupled 
with  that  of  our  respected  President.  My  memory  recalls  an 
incident  which  occurred  thirty  years  ago  at  Troy,  New  York. 
While  at  the  Burden  Works  I  received  a  visit  from  Mr.  Alexander 
Lyman  Holley  and  Mr.  John  Fritz,  and  I  simply  desire  to  couple 
those  names  together  in  speaking  and  thinking  of  the  mechanical 
engineer  and  the  Bessemer  process.     (Applause.) 

The  President — I  think  there  is  another  gentleman  here  who 
was  one  of  the  earliest  engineers  connected  with  the  Bessemer 
process,  but  I  cannot  see  him.  Is  Mr.  William  F.  Durfee 
present  ? 

Is  there  any  other  gentleman  who  would  like  to  make  some 
remarks  ? 

If  not,  I  should  like  to  ask  the  favor  of  the  Society  for  a 
moment.  Is  Mr.  Ellis  Kent  present?  I  would  like  you  to  come 
this  way,  please ;  and  Mr.  Frank  Johnson.  (Mr.  Kent  and  Mr. 
Johnson  stepped  forward  to  the  platform.)  We  all  have  a  great 
deal  to  say  about  the  men  who  get  the  credit  for  building  up 
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BT  r.   A.  BAI^BT,  NXW  TORK  CITT. 

(Member  of  the  Society.) 

In  these  days  of  specialization  most  engineers  have  nnmerioal 
problems  which  require  to  be  solved  in  the  same  or  similar 
forms  over  and  over  again.  These  may  or  may  not  involve 
difficulties  and  complexities,  but  in  any  case  the  routine  soon 
becomes  drudgery.  It  seems  to  me  that  I  am  performing  a 
real  service  in  calling  attention  to  a  type  of  computer  by  which 
such  problems  are  solved  in  a  twinkling,  and  without  mental 
effort. 

These  computers  are  simple  mechanical  devices,  in  the  nature 
of  special  circular  slide  rules,  designed  for  the  solution  of  cer- 
tain more  or  less  complicated  formulas,  each  computer  solving 
but  the  one  formula  (or  in  some  special  cases  two)  to  which  it 
is  adapted.  They  are  in  this  respect  unlike  the  ordinary  slide 
rule,  which  is,  in  a  sense,  a  universal  instrument.  On  the  other 
hand,  the  slide  rule  covers  only  operations  involving  multipli- 
cation, division,  squares,  and  square  roots  and  their  combina- 
tions, while  these  instruments  can  be  made  to  handle  any 
powers  or  roots  or  trigonometrical  functions.  Problems  in- 
volving more  than  four  factors,  when  solved  by  the  slide  rule, 
must  be  attacked  piecemeal,  whereas  these  computers  may  be 
made  to  solve  at  once  problems  containing  any  number  of 
factors. 

They  are  provided  with  different  logarithmic  scales,  similar 
to  those  on  the  slide  rule,  but  with  the  important  difference 
that  each  scale  represents  one  definite  factor  in  the  formula, 
and  is  made  sufficiently  long  to  cover  all  probable  values  of 
that  factor,  so  that  positive  quantities  as  8, 80, 800,  etc.,  are  read 
off  without  chance  of  error,  thus  overcoming  the  slide  rule 
difficulty  of  locating  the  decimal  point. 

•  Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
Tran$actu>n9. 
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In  their  simplest  form  the  computers  consist  of  a  foundation 
plate  in  the  centre  of  which  a  disk  revolves.  I£  the  formula 
contains  four  factors,  the  scales  representing  two  of  them  are 
placed  around  the  upper  and  lower  edges  of  the  disk,  the  other 
two  being  similarly  placed  on  the  plate.  When  there  are  five 
or  six  factors  in  the  formula,  an  extra  piece  of  segmental  shape 
revolves  between  the  disk  and  the  plate,  and  on  this  piece  are 
laid  off  two  more  scales.  All  these  are  arranged  and  combined 
so  that  the  values  of  the  known  factors  can  be  placed  opposite 
each  other,  when  the  value  of  the  unknown  one,  or  the  solution 
of  the  problem,  is  at  once  read  off. 

The  material  used  is  the  best  bristol  board,  the  foundation 
plate  being  often  attached  to  a  board  of  wood  or  other  strong 
materiaL  Small  computers  are  often  put  up  in  cloth  or  leather 
cases.  The  sizes  vary  from  4]^  x  5 j  to  12  x  14  inches,  the  larger 
ones  being  more  suitable  for  the  draughting-room  or  office. 

One  important  feature  which  adds  considerably  to  the  value 
of  the  computers  is  that  in  problems  of  which  many  solutions 
are  possible,  all  the  solutions  are  given  at  once,  and  may  be 
read  off  from  the  contiguous  scales.  This  feature  is  well  illus- 
trated in  the  Strength  of  Gears  Computer,  described  more  at 
length  below,  which  gives  at  once  all  possible  combinations  of 
pitch  and  face  which  will  transmit  the  load;  so  that  all  that 
has  to  be  done  is  to  select  suitable  values  for  each ;  whereas, 
when  solving  the  formula  arithmetically  the  value  of  one  must 
be  assumed,  from  which  the  other  is  then  calculated.  This 
advantage  is  also  illustrated  by  the  Strength  of  Beams  Com- 
puter, in  which  the  scales  of  breadth  and  depth,  which  are  con- 
tiguous, show  at  once  all  possible  combinations  of  these,  from 
which  suitable  values  may  be  at  once  selected. 

In  laying  out  these  instruments  no  attempt  is  made  to  decide 
upon  the  values  of  constants  about  which  authorities  differ,  or 
which  involve  individual  experience  in  selection  for  particular 
cases.  For  such  constants  a  special  scale  is  provided,  covering 
all  probable  values,  from  which  the  user  selects  the  one  which 
accords  with  his  judgment,  precisely  as  though  he  were  solving 
the  formula  in  the  usual  manner. 

As  to  their  degree  of  reliability,  much  depends  upon  their 
size,  the  larger  ones  being,  of  course,  more  adapted  to  close 
and  careful  work.  With  such,  the  average  error  will  not  exceed 
1  per  cent.     In  some  cases  where  the  scales  are  large  and  open 
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BY  F.   A.  BAL8BT,  NBW  TORK  CITT. 

(Member  of  the  Society.) 

In  these  days  of  specialization  most  engineers  have  nnmerioal 
problems  which  require  to  be  solved  in  the  same  or  similar 
forms  over  and  over  again.  These  may  or  may  not  involve 
difficulties  and  complexities,  but  in  any  case  the  routine  soon 
becomes  drudgery.  It  seems  to  me  that  I  am  performing  a 
real  service  in  calling  attention  to  a  type  of  computer  by  which 
such  problems  are  solved  in  a  twinkling,  and  without  mental 
effort.- 

These  computers  are  simple  mechanical  devices,  in  the  nature 
of  special  circular  slide  rules,  designed  for  the  solution  of  cer- 
tain more  or  less  complicated  formulas,  each  computer  solving 
but  the  one  formula  (or  in  some  special  cases  two)  to  which  it 
is  adapted.  They  are  in  this  respect  unlike  the  ordinary  slide 
rule,  which  is,  in  a  sense,  a  universal  instrument  On  the  other 
hand,  the  slide  rule  covers  only  operations  involving  multipli- 
cation, division,  squares,  and  square  roots  and  their  combina- 
tions, while  these  instruments  can  be  made  to  handle  any 
powers  or  roots  or  trigonometrical  functions.  Problems  in- 
volving more  than  four  factors,  when  solved  by  the  slide  rule, 
must  be  attacked  piecemeal,  whereas  these  computers  may  be 
made  to  solve  at  once  problems  containing  any  number  of 
factors. 

They  are  provided  with  different  logarithmic  scales,  similar 
to  those  on  the  slide  rule,  but  with  the  important  difference 
that  each  scale  represents  one  definite  factor  in  the  formula, 
and  is  made  sufficiently  long  to  cover  all  probable  values  of 
that  factor,  so  that  positive  quantities  as  8, 80, 800,  etc,  are  read 
off  without  chance  of  error,  thus  overcoming  the  slide  rule 
difficulty  of  locating  the  decimal  point. 

*  Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
Tran$actioni. 
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In  their  simplest  form  the  computers  consist  of  a  foundation 
plate  in  the  centre  of  which  a  disk  revolves.  II  the  formula 
contains  four  factors,  the  scales  representing  two  of  them  are 
placed  around  the  upper  and  lower  edges  of  the  disk,  the  other 
two  being  similarly  placed  on  the  plate.  When  there  are  five 
or  six  factors  in  the  formula,  an  extra  piece  of  segmental  shape 
revolves  between  the  disk  and  the  plate,  and  on  this  piece  are 
laid  off  two  more  scales.  All  these  are  arranged  and  combined 
so  that  the  values  of  the  known  factors  can  be  placed  opposite 
each  other,  when  the  value  of  the  unknown  one,  or  the  solution 
of  the  problem,  is  at  once  read  off. 

The  material  used  is  the  best  bristol  board,  the  foundation 
plate  being  often  attached  to  a  board  of  wood  or  other  strong 
materiaL  Small  computers  are  often  put  up  in  cloth  or  leather 
cases.  The  sizes  vary  from  4|  x  5 j  to  12  x  14  inches,  the  larger 
ones  being  more  suitable  for  the  draughting-room  or  office. 

One  important  feature  which  adds  considerably  to  the  value 
of  the  computers  is  that  in  problems  of  which  many  solutions 
are  possible,  all  the  solutions  are  given  at  once,  and  may  be 
read  off  from  the  contiguous  scales.  This  feature  is  well  illus- 
trated in  the  Strength  of  Gears  Computer,  described  more  at 
length  below,  which  gives  at  once  all  possible  combinations  of 
pitch  and  face  which  will  transmit  the  load;  so  that  all  that 
has  to  be  done  is  to  select  suitable  values  for  each ;  whereas, 
when  solving  the  formula  arithmetically  the  value  of  one  must 
be  assumed,  from  which  the  other  is  then  calculated.  This 
advantage  is  also  illustrated  by  the  Strength  of  Beams  Com- 
puter, in  which  the  scales  of  breadth  and  depth,  which  are  con- 
tiguous, show  at  once  all  possible  combinations  of  these,  from 
which  suitable  values  may  be  at  once  selected. 

In  laying  out  these  instruments  no  attempt  is  made  to  decide 
upon  the  values  of  constants  about  which  authorities  differ,  or 
which  involve  individual  experience  in  selection  for  particular 
cases.  For  such  constants  a  special  scale  is  provided,  covering 
all  probable  values,  from  which  the  user  selects  the  one  which 
accords  with  his  judgment,  precisely  as  though  he  were  solving 
the  formula  in  the  usual  manner. 

As  to  their  degree  of  reliability,  much  depends  upon  their 
size,  the  larger  ones  being,  of  course,  more  adapted  to  close 
and  careful  work.  With  such,  the  average  error  will  not  exceed 
1  per  cent.     In  some  cases  where  the  scales  are  large  and  open 
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this  becomes  reduced  to  ^  of  1  per  cent.  But  as  such  decimal 
refinements  do  not  in  practice  enter  into  sizes  of  pipes,  dimen- 
sions of  beams,  etc.,  the  computers  can  be  relied  upon  to  solve 
their  respective  formulas  within  all  needed  limits. 

Computers  have  been  made  to  solve  some  fifty  different  for- 
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mnlas,  of  which  the  Strength  of  Gears  Computer  may  be  taken 
as  an  example  (Fig.  22). 

A  formula  much  employed  to  ascertain  the  strength  of  gears 
is  • 

which  may  be  made  to  read, 

^^'  "  ^        126,050       ' 
in  which 

W  =  working  load  in  pounds, 

p  =  circumferential  pitch  in  inches, 

/  =  width  of  face  in  inches, 

d  =  diameter  on  pitch  line  in  inches, 

r  =  revolutions  per  minute, 

c  =  a  coefficient  representing  the  safe  working  pressure 
exerted  on  the  teeth  of  a  wheel  one  inch  pitch  and  one  inch  face. 
The  coefficient  c  is  one  which,  as  stated  above,  is  not  determined 
in  the  design  of  the  computer ;  but  a  scale  ranging  between  100 
and  1,000  is  provided,  from  which  the  user  of  the  computer 
makes  a  selection  in  accordance  with  the  kind  of  tooth,  material, 
workmanship,  speed,  or  his  own  judgment. 

The  Stren^h  of  Gears  Computer  solves  the  above  formula, 
and  the  manner  of  using  it  is  as  follows  : 

TO  FIND  THE  HOBSE-POWEB  A  GEAB  WILL  TBANSMTT. 

L  Set  the  face  of  the  tooth  to  its  pitch  ; 

2.  Bring  the  pitch  diameter  to  the  revolutions  of  the  gear ; 

3.  Opposite  the  selected  pressure  coefficient  find  the  horse- 
power the  gear  will  transmit. 

TO  FIND  THE  PITCH  AND  FACE   OF  TOOTH  TO   TBANSMIT  A   GIVEN 

HORSE-POWEB. 

1.  Select  a  pressure  coefficient  and  place  it  opposite  the  given 
horse-power. 

2.  Hold  the  disk  and  set  the  segment  to  bring  the  revolutions 
opposite  the  diameter. 

3.  Find  the  required  pitch  opposite  the  face  which  goes  with 
it.  All  coinciding  lines  of  face  and  pitch  scales  give  teeth  of 
the  same  strength,  and  from  them  a  tooth  having  the  desired 
ratio  of  face  to  pitch  may  be  selected. 
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The  strength  of  G^ars  Computer  is  shown  in  the  engraving, 
set  for  the  solution  of  the  following  problem  : 

Bequired  the  dimensions  of  the  teeth  of  a  gear  24  inches 
diameter  to  transmit  40  horse-power  at  70  revolutions : 

Assume  c  =  200. 

Set  200  of  the  pressure  coefficient  scale  opposite  40  of  the 
horse-power  scale.  Set  70  of  the  revolution  scale  opposite  24 
of  the  diameter  scale. 

Now  we  find,  coinciding  with  one  another  on  their  respective 
scales : 

Face 5  iDches,      6    iDches,    7^  inches,  ) 

Pitch 8      "  2i      •*  2        **        J 

All  of  which  will  do  the  work  required,  and  from  which  a 
selection  may  be  made. 

We  also  see  that  the  same  power  would  be  transmitted  bj 
the  same  tooth  on  gears  of  the  following  diameters  and  speeds  : 

Diameter. . .   14  inches,    16    inches,  28    inches,  I 

Revolutions  per  minute..  120  105  60  (  ®  ^* 

These  results  illustrate  the  advantage  of  the  instrument 
over  arithmetical  computation  in  setting  before  the  eye  at 
once  all  possible  solutions  of  the  problem. 

On  the  lower  edge  of  the  disk  an  arrow  labelled  "  velocity  "  will 
be  seen,  from  which  we  see  at  once  that  the  velocity  at  the  pitch 
line  is  440  feet  per  minute,  the  figures  of  the  revolution  scale, 
for  this  purpose,  reading  as  feet. 
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EXPERIMENTAL  INVESTIGATION  OF  THE  CUTTING 
OF  BEVEL   GEARS   WITH  ROTARY  CUTTERS.\ 

BT  FORUST  R.   JONX8  AND  ARTHTTR  L.  OODDARD«  MADUON,  WIS. 

(If  ember  of  the  Society.)         (Non-Member.) 

The  usual  method  in  shops  which  do  not  make  a  business  of 
catting  bevel  gears  is  either  to  run  several  trial  cuts  and  test 
the  gears  until  they  mesh  satisfactorily,  or  to  file  the  teeth. 
While  such  "  cut  and  try  "  methods  may  produce  teeth  whose 
outlines  are  more  nearly  the  correct  form  for  bevel-gear  teeth 
than  those  of  teeth  formed  with  two  cuts,  very  frequently  they 
do  not,  and  the  extra  time  required  for  such  operations  is  gen- 
erally time  wasted. 

The  operations  in  detail  required  to  cut  bevel  gears  with 
rotary  cutters  in  a  milling  or  similar  machine  are  as  follows : 
After  the  gear  blank  is  set  so  that  its  axis  lies  in  the  median 
plane  of  the  cutter  and  at  the  proper  angle  of  elevation,  cuts 
are  run  through  it  to  rough  out  two  or  more  of  the  spaces 
between  the  teeth ;  the  middle  of  the  tooth  and  its  thickness  are 
then  marked  on  the  pitch  circle  of  the  large  end;  the  gear 
blank  is  then  revolved  through  a  small  angle,  less  than  that  of 
a  single  pitch,  and  the  table  moved  sidewise  until  the  side  of 
the  cutter  passes  through  on^  of  the  pitch  points  marking  one 
side  of  the  large  end  of  the  tooth,  and  a  cut  is  taken  on  one 
side  of  all  the  teeth.  The  blank  is  then  revolved  an  equal 
amount  on  the  opposite  side  of  its  original  position,  and  the 
table  shifted  to  correspond,  after  which  a  cut  is  taken  on  the 
unfinished  sides  of  the  teeth,  thus  completing  the  gear. 

The  only  uncertainty  in  these  operations  is  that  of  revolving 
the  blank  from  its  original  or  central  position  through  such  an 

'Presented  at  the  New  York  meeting  (December,  189<()  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
Tran9aciion$. 

t  Abstract  of  a  thesis  presented  hy  Mr.  Goddard  for  the  degree  of  B.S.  in 
Mechanical  Engineering. 
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angle  tliat  the  cutter  shall  pass  through  the  pitch  point  of  the 
larger  end  of  a  tooth,  and  at  the  same  time  cut  just  enough  off 
the  smaller  end  to  allow  the  gear  to  mesh  with  its  mates  without 
further  dressing  of  the  teeth. 

A  study  of  the  problem  led  to  the  supposition  that  the 
amount  a  gear  must  be  thus  revolved  could  be  expressed  in 
terms  of  the.  pitch,  the  coefficient  being  a  variable  depending 
upon  the  centre  angle  of  the  gear,  which  is  here  taken  as  the 
angle  between  an  element  of  the  pitch  cone  and  the  axis  of  the 
gear.  It  was  also  thought  that  this  angle  through  which  the 
gear  must  be  revolved  must  be  independent  of  the  pitch  of  the 
gear ;  for,  with  a  given  pitch  cone  to  be  provided  with  a  certain 
number  of  teeth,  any  pitch  may  be  given  to  the  resulting  gear 
by  selecting  the  base  of  the  pitch  cone  at  the  proper  distance 
from  its  apex  to  give  the  gear  the  required  pitch  diameter,  since 
the  pitch  diameter  of  a  bevel  gear  is  measured  on  the  larger 
end  of  the  gear.  And  it  is  obvious  that  the  setting  which  will 
answer  for  cutting  a  gear  taken  from  one  part  of  this  cone  will 
answer  for  cutting  a  gear  taken  from  any  other  part ;  yet  the 
two  gears  would  be  of  different  pitches. 

In  order  to  determine  the  proper  setting  for  gears  of  different 
centre  angles,  the  following  apparatus  was  constructed  i^d  used 
experimentally. 

In  Fig.  23  the  vertical  rod  A  serves  as  the  axis  of  a  gear ;  the 
sleeve  B  may  be  revolved  upon  and  moved  up  and  down  Ay  and 
clamped  in  any  desired  position  by  means  of  the  set-screw 
shown ;  the  split  collars  C  and  C  may  be  turned  or  moved  to 
any  desired  position  upon  B;  these  collars  carry  smooth  rods 
E  and  F',  on  which  the  brackets  D  and  D'  may  be  moved  and 
clamped  wherever  wanted ;  upon  D  and  D'  are  clamped  the 
outlines  of  the  outer  and  inner  ends  of  the  space  between 
two  teeth  of  an  involute  bevel  gear.  The  outline  of  a  segment 
of  a  bevelled  gear  of  any  desired  centre  angle  or  pitch  may 
thus  be  constructed.  T  is  the  outline  of  a  cutter  templet  drawn 
upon  stiff  cardboard ;  it  is  clamped  to  the  bracket  F,  free  to 
slide  along  the  rod  J,  which  is  splined  to  receive  a  key  attached 
to  F;  F  is  rigidly  fastened  to  the  horizontal  shaft  17,  which  is 
free  to  turn  in  its  bearings  G  and  G' ;  Jmskj  be  fixed  at  any 
desired  angle  by  clamping  upon  11  the  dog  K,  one  end  of  which 
swings  down  against  a  flat  plate  M  ;  the  shaft  ff  may  be  moved 
endwise  in  its  bearings,  which  movement  corresponds  to  the 
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lateral  motion  of  the  table  of  a  milling  machine^  except  that  in 
this  case  the  work  is  stationary  and  the  cutter  is  shifted. 

The  operation  of  the  machine  was  as  follows :  The  outlines 
of  the  outer  and  inner  ends  of  a  tooth  space  of  a  bevel  gear  of 
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Fig.  23. 


one  inch  pitch  and  fifty  teeth,  were  drawn  by  the  approximate 
method  as  given  in  Brown  &  Sharpens  "  Treatise  on  Glaring." 
The  outline  of  a  cutter  templet  was  drawn  upon  stiff  cardboard, 
the  curve  being  the  same  as  that  of  the  space  at  the  large  ends 
of  the  teeth.  Pitch  circles  and  median  lines  were  drawn  upon 
all    the  cards.     Fig.  24  shows  two  sets  of  templets  for  bevel 
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gears  having  centre  angles  of  22  degrees  and  52  degrees  respec- 
tively, and  fifty  teeth  each.  The  rod  Jwsls  set  parallel  to  an  ele- 
ment of  the  pitch  cone  of  the  gear.  This  was  done  by  calcu- 
lating, for  a  24-inch  radius,  the  chord  of  the  complement  of  the 
centre  angle,  and  measuring  the  length  of  chord  thus  deter- 
mined with  a  steel  tape  from  points  on  J  and  on  the  base  24 
inches  from  the  axis  at  (7,  as  shown.  Then  the  plates  at  D  and 
D'  were  set  perpendicular  to  Jj  and  the  space  templets  clamped 
on.  The  positions  of  these  templets  were  determined  by  meas- 
uring the  radii  of  the  pitch  circles  from  A^  and  making  the  dis- 
tance between  the  two  templets  one-third  the  slant  height  of  the 
pitch  cone.  The  two  templets  were  brought  into  alignment  by 
sighting  across  two  threads,  one  stretched  along  the  base  of  the 
machine,  and  the  other  stretched  from  the  top  of  u^  to  the  top 
of  J,  care  being  taken  first  to  see  that  e/was  in  proper  alignment 
with  A.  The  cutter  templet  was  then  clamped  to  the  slide  -F, 
and  the  inclination  of  J  was  changed  to  that  of  the  cutting 
angle.  This  was  determined  by  adjusting  until  the  lower  edge 
of  the  cutter  templet  would  pass  through  the  circles  marking 
the  bottom  of  the  space  at  both  ends  of  the  tooth.  A  hole  cut 
in  the  middle  of  the  cutter  templet,  as  shown  in  Fig.  24  allowed 
the  coincidence  of  the  median  lines  to  be  determined.  This 
completed  the  operation  of  setting  up  the  machine.  Next  the 
sleeve  B  with  its  attachments  was  revolved  through  a  small 
angle,  and  the  shaft  H  was  slid  along  in  its  bearings  until  the 
edge  of  the  cutter  templet  passed  through  the  pitch  point 
marked  0  in  Fig.  24.  The  slide  F  was  then  moved  along  until 
jT  rested  upon  the  inner  space  templet.  The  rod  e/was  swung 
up  to  allow  moving  the  slide  past  D\  and  as  the  dog  K  came 
down  upon  the  flat  plate  the  rod  would  come  back  to  its  orig- 
inal position  when  lowered.  The  amount  of  revolution  was 
ascertained  by  marking  through  the  hole  in  the  cutter  templet 
upon  the  pitch  line  of  the  outer  card  and  measuring  the  dis- 
tance of  this  mark  from  the  median  line  drawn  on  this  card. 
This  was  then  reduced  to  decimals  of  a  pitch. 

It  was  at  first  considered  necessary  to  revolve  the  gear  enough 
to  have  the  edge  of  the  cutter  templet  pass  through  the  outer 
pitch  point  0  and  the  comer  of  the  top  of  the  inner  end  of  the 
tooth ;  but,  as  may  be  seen  from  Fig.  24,  curve  P,  on  gears  of 
small  centre  angle  this  cut  the  root  of  the  tooth  away  con- 
siderably.    It  was   then  considered  advisable  to  revolve    the 
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noticed  that  as  the  centre  angle  increased,  less  stock  was  left 
on  the  top  of  the  tooth  at  the  inner  end,  and  less  was  taken  off 
at  the  root.  This  is  shown  in  Fig.  24 ;  on  the  space  templet  for 
the  small  end  of  the  space  for  the  gear  of  22  degrees  centre 
angle,  the  line  marked  T  indicates  the  true  outline  of  the 
space  ;  the  line  marked  M  indicates  the  outline  of  the  space  as 
it  would  be  when  cut  if  the  gear  were  set  so  that  the  cutter  left 
as  much  stock  on  the  inner  end  of  the  tooth  at  the  top  as 
it  took  off  at  the  root;  and  the  line  marked  P  indicates 
the  outline  of  the  tooth  as  it  would  be  when  cut  if  the  gear 
were  set  so  that  the  edge  of  the  cutter  would  pass  through  the 
comer  of  the  tooth  at  the  top  of  the  inner  end.  On  the  templet 
for  the  inner  end  of  the  space  for  a  gear  of  52  degrees  centre 
angle,  the  lines  marked  T  and  M  indicate  corresponding 
features  of  the  tooth  ;  but  here  the  lines  almost  coincide.  This 
shows  how  much  more  nearly  correct  gears  of  large  centre 
angles  are  when  cut  with  rotary  cutters  than  those  of  small  centre 
angles.  This  is  because  the  circles  upon  which  the  teeth  are 
developed  grow  greater  in  proportion  to  the  pitch  circles  of  the 
gears  as  the  centre  angle  increases  ;  hence  the  involute  outlines 
of  the  teeth  approximate  more  closely  to  a  straight  line,  and 
there  is  consequently  less  difference  of  curvature  between  the 
two  ends  of  the  teeth. 

The  greater  variation  from  the  correct  outline  in  the  gears  of 
small  centre  angles,  as  shown  by  the  curves  T  and  if  in  Fig.  24, 
would  be  still  more  marked  were  it  not  for  the  fact  that  when  a 
gear  of  small  centre  angle  rotates  through  any  given  angle,  a 
point  on  its  pitch  circle  (at  either  end  of  the  teeth)  passes 
through  a  greater  portion  of  the  circle  upon  which  the  teeth  are 
developed  than  it  does  for  a  large  centre  angle  ;  therefore,  for  a 
given  amount  of  rotation  about  its  axis,  a  tooth  of  a  small  centre- 
angled  gear  has  a  greater  angular  rotation  abotft  its  centres  of 
development  than  one  of  a  large  centre  angle.  (The  centre  of 
development  is  taken  as  the  intersection  of  the  axis  of  the  gear 
with  a  line  normal  to  the  surface  of  the  pitch  cone  at  the  same 
distance  from  its  apex  as  the  section  of  the  tooth  under  con- 
sideration.)  This  greater  rotation  about  the  centre  of  develop- 
ment causes  more  metal  to  be  removed  from  near  the  top  of  the 
tooth  of  the  gear  having  a  small  centre  angle. 

The  difference  of  effect  upon  the  inner  ends  of  the  teeth  would 
prevent  the  extra  thick  points  of  the  teeth  of  small  centre  angles 
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The  7-pitch  gears  of  16  and  86  teeth  and  the  6-pitch  gears  of 
20  and  30  teeth  had  faces  |  of  an  inch  long,  which  is  about  one- 
qaarter  of  the  slant  height  of  the  pitch  cone,  as  those  were  the 
dimensions  for  which  the  cutters  were  designed.  The  shaded 
parts  of  Fig.  26  show  how  the  bearing  surfaces  were  distributed 
along  the  sides  of  the  teeth  of  these  gears.  The  7-pitch  gears  of 
28  and  48  teeth  had  a  length  of  faces  also  about  one-quarter  of 
the  slant  height  of  the  pitch  cone  ;  but  in  this  case  the  faces  of 
the  teeth  were  1^  inches  long.  The  bearing  surfaces  of  the  teeth 
of  these  gears  were  distributed  similarly  to  those  shown  in 
Fig.  26.  The  10-pitch  mitre  gears  of  32  teeth  had  faces  1  inch 
longy  which  is  about  .M  of  the  slant  height  of  the  pitch  cone. 


Fig.  26. 


Fig.  27. 


The  bearing  surfaces  of  these  gears  were  distributed  similarly 
to  that  shown  for  the  pinion  in  Fig.  26. 

The  exact  setting  desired  cannot  usually  be  obtained  on  the 
ordinary  dividing  head  of  a  milling  machine,  so  the  spacing 
device  shown  in  Fig.  27  was  made.  It  is  a  circular  plate  |  of  an 
inch  thick,  with  a  pin  in  the  centre  which  fits  in  the  holes  of  the 
index  plate  of  the  dividing  head  of  the  gear-cutting  machine, 
and  has  a  series  of  holes  of  the  size  of  those  in  the  index  plate, 
arranged  in  a  spiral.  The  required  partial  revolution  of  the 
gear  to  obtain  the  correct  setting  is  reduced  to  decimals  of  a 
revolution  of  the  index  plate.  Suppose  this  requires  .126  of  a 
revolution  of  the  index  plate,  as  was  the  case  with  the  gear  of  48 
teeth.  The  index  plate  used  had  20  holes  in  the  outer  row,  which 
makes  two  and  one-half  of  its  spaces  correspond  to  the  required 
.125  revolution.  Therefore  the  pin  on  the  spacing  plate  was 
inserted  in  the  hole  in  the  index  plate  second  from  the  one  in 
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DCCIV.* 

THE    WASHING     OF    BITUMINOUS     GOAL     BT    THE 
LUHRIO    PROCESS. 

BT  J.  y.  SOHAKFSR,  CHICAGO,  ILL. 

(Member  of  the  Society.) 

i  The  composition  of  fuel  is  a  matter  so  vitally  connected  with 
all  commercial  and  manufacturing  industries,  that  the  removal 
of  the  impurities  in  coal  has  been  made  a  subject  of  much  study 
and  experimental  work.  Before  giving  a  detailed  description  of 
the  latest  plant  built  on  the  Luhrig  system  the  writer  desires 
to  consider  briefly  the  nature  of  these  impurities,  the  means  to 
be  employed  to  remove  them,  and  the  advantages  of  the  cleaned 
coal. 

The  principal  impurities  in  coal  which  it  is  desired  to  remove 
are  ash  in  the  form  of  slate,  and  bone  coal,  and  sulphur  in  the 
form  of  pyrites.  The  larger  pieces  of  slate,  bone,  and  pyrites  can 
be  removed  by  hand  picking.  Fortunately,  all  these  materials 
have  a  specific  gravity  greater  than  that  of  pure  coal.  It  is 
therefore  possible  to  remove  these  elements  from  the  small  coal 
by  using  water  in  such  a  way  as  to  float  off  the  coal,  which  is 
lighter,  leaving  the  slate,  bone,  and  pyrites  to  settle.  This  is  the 
process  called  washing. 

The  incombustible  matter  in  coal  generally  consists  of  silicate 
of  alumina  and  oxide  of  iron.  In  blast  furnaces  the  oxide 
of  iron  is  reduced,  but  when  present  in  fuel  used  for  generating 
steam  it  forms  into  clinkers  on  the  bars  of  the  furnace  grate^ 
resulting  in  great  loss. 

Coal  ashes  often  contain  about  90  per  cent,  of  silicate  of 
alumina.  The  proportion  of  silica  to  alumina  is  generally  \  to  2. 
The  latter  proportion  generally  exists  in  coal  with  a  high 
percentage  of  ash.      This  silicate  is  almost  infusible,  and  in 

*  Presented  at  tbe  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
Tran$action9, 
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10  per  ceni  of  ash  in  the  coke  will  therefore  be  3.7  cwt ,  consisting 
of  2.5  cwt.  ashes  plus  1.2  cwt.  lime. 

Cwt. 
Unite. 

The  fusion  of  8.7  cwt.  of  slag  requires,  according  to  Bell,  8.7  x  550  = 2,085 

To  expel  the  carbonic  acid  from  2.2  cwt.  of  limestone  requires  2.2  x  870  =     814 

To  decompose  0.264  cwt.  of  carbonic  acid  of  the  limestone  requires  0.264  x 

8,200= : 845 

Total  cwt.  heat  units 8,694 

Taking  4,400  as  the  number  of  units  developed  by  1  cwt 
of    carbon    in    the    blast    furnace,  the    above  will    represent 

TTT^R^  0.84  cwt  of  carbon. 
44UU 

The  carbon,  therefore,  in  the  inferior  coke  must  be 
20.24  -h  0.84  =  21.08,  instead  of  20.24  cwt  Consequently,  the  coke 
required  with  15  .per  cent  of  ash  will  be  82 :  100 ::  21.08 :  25.7 
cwt.,  or  3.7  cwt.  coke,  for  every  ton  of  iron  produced,  more  than 
coke  with  only  5  per  cent,  of  ash,  or  about  17  per  cent,  of  coke 
extra. 

To  this  loss  must  be  added  the  cost  of  2^  cwt.  of  limestone, 
which  would  of  itself  more  than  cover  the  cost  of  washing.  It 
is  evident,  therefore,  that  a  great  saving  can  be  effected  by 
washing  coal  to  be  used  for  metallurgical  purposes. 

Connelsville  coal  contains  0.53  per  cent  of  sulphur.  It  is 
considered  that  any  coal  which  contains  in  the  coke  made  from 
it  more  than  1  per  cent  of  sulphur  is  not  fitted  for  blast-furnace 
use.  As  many  coking  coals  do  contain  more  than  1  per  cent,  of 
sulphur,  it  is  in  these  cases  absolutely  necessary  to  wash  them 
carefully  if  they  are  to  be  made  into  coke  for  blast-furnace  use. 

The  table  here  given  shows  a  few  results  which  have  been 
obtained  by  washing  coals  from  different  sections  of  this  country, 
and  is  interesting  in  that  it  shows  to  what  extent  ash  and  sulphur 
may  be  removed  from  coal : 
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Sulphur. 


No. 


Location. 


1  SloBs,  Birmingbam,  Ala 

2  iSoprlB,  Sopria.  Col 

8  ,Big  Maddj,  Carterville,  111. . . 

4  iBloesburg,  Birmingkain,  Ala. . 

5  Maiy  Lee,  BirmiDgham,  Ala. . 

6  iBett,  Montana 

7  Tolaca,  Toluca,  111 

.    8   Brazil,  Brazil,  Ind 

9  IBogers,  Lisbon,  O 

10  Alexandria,  Oreensburg,  ^a. 

11  iCheny  Valley  No.  8,  Leetonia,  O 

12  Comox,  Union  Bay,  B.  C 

18  Sand  Coulee,  Montana 

14  Cokedale,  Montana 

15  Athens,  Ohio 


In  a  properly  conducted  washing  operation  as  practised  under 
the  Luhrig  system,  nothing  essential  to  coking  is  lost.  In  some 
of  the  less  thorough  systems — if  indeed  they  may  at  all  be 
called  systems — a  considerable  amount  of  bituminous  matter  and 
pure  coal  is  lost.  These  losses,  however,  are  inexcusable,  and 
should  not  be  charged  to  coal  washing  in  general. 

Again,  the  cost  of  manufacture  of  coke  from  dirty  coal  is 
greater  than  that  of  coke  from  clean  coal.  Let  us  assume  that 
the  coal  contains  10  per  cent,  of  removable  ash.  As  the  price 
of  the  coke  is  proportionate  inversely  to  its  percentage  of  ash, 
it  is  necessary  in  this  case  to  maintain  a  coking  plant  one-tenth 
larger  than  if  the  coal  was  washed,  in  order  to  produce  the  same 
money  equivalent. 

All  that  has  been  stated  above  applies  with  almost  equal  force 
to  coal  used  under  a  boiler  for  generating  steam.  In  the  process 
of  burning,  the  iron,  sulphur,  etc.,  in  the  removable  dirt,  together 
with  the  fixed  incombustible  matter  in  the  coal,  melt  together 
and  form  a  vitrified  mass  on  the  grate  bars,  called  clinker.  This 
greatly  impedes  the  passage  of  air  between  the  bars  and  causes 
imperfect  combustion.  Moreover,  when  the  bars  are  covered 
with  a  firmly  adherent  mass  of  clinker  they  are  no  longer  cooled 
by  a  current  of  cold  air,  and  so  become  heated,  and  "  bum  out." 
To  compensate  for  these  losses  an  extra  amount  of  fuel  must  be 
provided,  the  cost  of  which,  and  the  cost  of  removing  the  ash 
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and  repairing  grate  bars,  are  items  that  make  the  desirability 
of  washing  very  apparent. 

The  cost  of  transportation  on  a  dirty  coal  is  also  an  element 
well  worth  considering.  In  a  coal  having  18  per  cent,  ash  there 
is  probably  10  per  cent,  that  might  have  been  left  at  the  mine 
by  a  process  of  washing.  In  many  cases  as  high  as  70  per  cent 
of  the  price  a  consumer  pays  for  coal  goes  for  railroad  trans- 
portation ;  7  per  cent.,  therefore,  of  the  price  the  consumer 
pays  goes  for  transporting  the  very  thing  he  doesn't  want— a 
product  worse  than  useless,  as  it  spoils  his  fire,  bums  out  his 
grate  bars,  and  costs  money  to  haul  away  from  his  ash  pit  As 
this  10  per  cent,  of  removable  ash  can  be  washed  out  at  the  mine 
at  a  cost  of  two  to  five  cents  per  ton,  the  transportation  charges 
on  it  alone  will  pay  for  the  cost  of  washing  and  the  shrinkage 
in  volume  due  to  washing.  As  this  washed  coal  will  have  11 
per  cent  greater  calorific  power  the  consumer  can  pay  such  a 
price  for  it  as  will  leave  a  liberal  margin  of  profit  for  both  con- 
sumer and  producer.  This  readily  accounts  for  the  fact  that 
wherever  it  has  been  introduced  washed  cofiJ  has  found  a  ready 
market.  Parties  who  once  try  it  are  nearly  always  converted  to 
its  continued  use. 

A  thorough  system  of  washing  involves  the  careful  separation 
of  the  coal  into  different  sizes — ^No.  1  and  No.  2  nut.  No.  S  and 
No.  4  pea,  and  sludge.  It  is  a  universally  accepted  fact  that  the 
best  results  are  obtained  by  using  coal  of  a  uniform  size.  There- 
fore the  smaller  sizes  of  washed  coal  often  make  a  much  better 
fire  than  the  run-of-mine  or  lump  coal  that  has  previously  been 
used  at  a  higher  price.  The  much  higher  efficiency  of  an  evenly 
graded  nut  coal  over  lump  coal  and  the  increasing  use  of 
mechanical  stokers  are  facts  which,  in  the  writer's  opinion,  will 
soon  compel  the  coal  producer  to  prepare  his  steam  coal  for  the 
demands  of  the  market  by  crushing  and  washing.  By  using  the 
sludge  or  intermediate  product  (this  term  will  be  fully  explained 
later)  it  is  often  possible  for  a  mine  operator  to  use  under 
his  own  boilers  the  product  for  which  he  has  no  market,  and 
sell  or  coke  all  the  remainder. 

Freight  charges  and  low  prices  for  small  coal  often  combine 
to  produce  conditioDS  where  the  slack  coal  becomes  a  very  trou- 
blesome affair.  It  cannot  be  sold,  so  that  it  must  be  hauled  to 
the  dump  at  a  cost  of  considerable  money,  and  often  it  becomes 
even  there  an  intolerable  nuisance  by  its  firing  and  clogging 
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streams.  In  many  cases  where  these  conditions  exist,  a  wash- 
ing plant  will  convert  this  expensive  slack  pile  into  a  marketable 
product  which  will  make  a  showing  on  the  other  side  of  the 
ledger. 

Again,  much  small  coal  is  often  left  in  the  mine  because  it 
does  not  pay  to  hoist  it.  This,  of  course,  means  just  so  much 
of  the  coal  territory  made  unproductive.  It  has  been  found 
profitable  to  hoist  this  and,  by  washing,  make  of  it  a  marketable 
coal. 

The  washing  of  coal  is,  properly  speaking,  a  process,  not  a  sin- 
gle operation.  There  is  involved  in  it  such  an  arrangement  of 
various  elevators,  conveyors,  jigs,  etc.,  etc.,  with  respect  to  their 
individual  and  related  uses  and  to  their  environment  that  they 
will  work  in  harmony  with  each  other  and  handle  coal  and 
water  to  the  best  advantage. 

For  fuel  purposes  coal  must  not  be  broken  into  fine  pieces  more 
than  is  unavoidable.  To  this  end  bar  screens  and  all  dumps 
which  tend  to  break  the  coal  should  be  avoided,  and  in  their 
places  should  be  used  shaking  screens  and  rotary  dumps.  The 
pit  cars  should  be  dumped  into  a  hopper  at  the  head  of  the 
screen  in  such  a  manner  as  to  allow  the  coal  to  flow  gently  on 
to  the  upper  end  of  the  shaking  screen.  On  this  screen  the 
hand  picking  can  be  done. 

For  coking  coal  it  is  usually  necessary  to*put  in  crushers  and 
disintegrators.  This  is  especially  true  of  those  coals  that  are 
low  in  volatile  matter.  When  the  coal  must  be  reduced  to  a 
fine  state  before  coking  it  should  be  washed  first  and  disintegrated 
aftertcard.  The  reason  for  this  will  be  fully  explained  below  in 
the  description  of  a  Luhrig  coking-coal  washery.  If  all  the 
product  of  the  mine  is  coked,  and  the  slate  and  pyrites  occur  in 
large  pieces  in  the  lump  and  egg-coal  sizes,  these  sizes  should 
be  hand-picked  before  going  to  the  breaker,  where  they  are 
broken  to  nut-coal  size  before  going  to  the  washer. 

All  water  that  has  been  used  should  be  clarified  so  as  to  be 
used  over  again.  As  it  takes  about  a  ton  of  water  to  wash  a  ton 
of  coal,  there  are  few  localities  where  it  is  possible  to  obtain  a 
sufficient  quantity  of  water  to  allow  it  to  flow  away  after  being 
used.  Indeed,  when  it  is  possible  to  do  this  it  is  not  desirable, 
for  the  reason  that  much  coal  is  thus  lost,  and  the  damage  done 
to  streams  by  the  deposits  of  fine  coal  and  refuse  are  apt  to 
cause  expensive  litigation.     The  water  carrying  fine  coal  should 
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be  allowed  to  settle,  the  clarified  water  being  used  over  again^ 
and  the  fine  coal  or  sludge  being  saved  for  coking  or  for  use 
under  the  boilers.  The  water  carrying  refuse  should  be  treated 
in  the  same  way,  and  the  refuse,  drained  of  its  water,  dumped  on 
a  pile  on  the  mine  property.  When  these  precautions  are 
observed  a  very  small  stream  of  fresh  water,  usually  not  over 
2.J-inch  pipe,  siiffices  for  washing  purposes. 

The  perfection  of  the  process  of  coal  washing  is  due  almost 
entirely  to  the  efforts  made  in  this  direction  by  Mr.  Carl  Luhrig, 
of  Germany  ;  but  others  have  labored  in  this  line,  and  it  will  be 
of  value  in  getting  an  understanding  of  the  perfection  of  the 
Luhrig  system  to  review  in  a  cursory  maimer  some  of  these 
other  efforts  before  passing  on  to  the  description  of  a  Luhrig 
washery. 

Among  mechanical  appliances  for  the  washing  of  coal  prob- 
ably the  most  primitive  consists  of  a  long  wooden  trough 
divided  by  low  cross  dams  at  intervals.  This  sluice  is  given  such 
an  inclination  that  the  water  has  sufficient  force  to  float  the  coal 
over  the  dams,  while  the  heavier  pieces  of  slate  and  pyrites  are 
retained  and  removed  at  intervals  with  a  rake. 

Another  appliance  consists  of  an  inverted  cone-shaped  recep- 
tacle. Water  is  forced  into  this  tub  near  the  apex  at  the 
bottom,  and  flowing  out  at  the  top  it  floats  over  the  coal,  allow- 
ing the  slate  and  pyrites  to  settle  and  be  removed  at  intervals  by 
means  of  valves.  Jn  order  to  facilitate  the  separation,  stirrings 
arms  are  put  in  the  tub  to  keep  the  water  and  coal  agitated,  and 
so  aid  the  separation. 

A  percussion  table  has  been  used  with  some  success.  It  con- 
sists of  a  shallow  wooden  chute  or  table  about  eight  feet  long 
and  three  feet  wide  with  sides  six  inches  high.  This  is  made 
slightly  concave  upward  and  suspended  by  rods  in  an  almost 
horizontal  position.  The  bottom  consists  of  a  sheet  of  galvan- 
ized iron  ;  above  this,  about  one  inch  clear,  is  a  false  bottom 
made  of  wooden  riffles.  These  riffles  are  placed  close  together, 
with  a  space  of  one-thirty-second  inch  between,  and  have  their 
upper  edges,  pointing  toward  the  higher  end  of  the  table,  sharp- 
ened by  the  insertion  of  a  piece  of  sheet  metaL  This  table  is 
allowed  to  fall  forward,  and  then  is  thrown  back  violently 
against  a  bumping  post.  As  the  coal  and  water  in  a  mixed 
stream  flow  on  to  the  higher  end  of  this  table,  the  upward 
bumping  action  throws  the  heavier  particles,  which  settle  down 
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SO  the  riffles  can  act  on  them,  up  and  off  the  higher  end  of  the 
table,  while  the  clean  coal  and  water  flow  off  the  lower  end. 
The  receptacle  between  bottom  and  false  bottom  being  filled 
with  water,  aids  the  separation  and  allows  the  removal  of  the 
finer  refuse. 

All  of  these  appliances  have  been  used  with  some  success, 
but  they  are  all  wasteful  of  coal  and  water,  their  results  on 
different  coals  cannot  be  assured  in  advance  with  any  reason- 
able degree  of  certainty,  and  they  have  never  been  developed 
into  any  complete  system.  Nothing  but  a  running  stream  will 
supply  the  trough  washer  with  water.  The  inverted  cone  is 
tolerably  effective  with  the  larger  sizes  of  coal,  but  inefficient 
in  dealing  with  smaller  sizes  and  dust.  The  percussion  table 
requires  such  careful  watching  to  keep  the  supplies  of  coal  and 
water  balanced  that  it  is  very  difficult  to  keep  regulated,  ^he 
form  of  the  table  also  requires  changing  to  suit  different  coals, 
and  as  this  can  only  be  determined  by  actual  experiment  the 
installation  of  such  a  plant  proves  very  troublesome. 

By  far  the  best  results  that  have  been  obtained  have  been 
reached  by  means  of  various  forms  of  the  old  Hartz  ore  jig. 
The  jig  consists  in  general  of  a  box  divided  vertically  into  two 
compartments  from  the  top  to  a  point  below  the  water  line.  In 
one  of  these  compartments  a  plunger  plays  up  and  down.  The 
other  compartment  is  closed  near  its  bottom  by  a  screen.  Coal 
is  placed  continuously  on  the  screen  near  the  partition  and 
water  is  forced  into  the  back  of  the  other  compartment  below 
the  plunger.  The  action  of  the  plunger  imparts  a  pulsating 
motion  to  the  water,  which,  acting  upward  through  the  meshes  of 
the  screen,  lifts  the  b'ghter  parts,  allowing  the  coal  to  flow  out  of 
the  front  of  this  compartment  near  the  top,  while  the  slates  pass 
out  at  a  point  lower  down. 

Mr.  Luhrig  conceived  the  idea  of  using  pieces  of  broken 
feldspar  on  the  screen  when  fine  coal  is  to  be  washed.  This 
has  proven  very  successful  on  fine  coal.  The  refuse  which  in 
this  case  passes  out  of  the  bottom  of  the  jig  has  to  pass  through 
the  interstices  of  the  feldspar  in  a  tortuous  way,  and  the  pulsat- 
ing water  has  thus  abundant  opportunity  to  act  on  the  mass  and 
lift  out  the  lighter  particles  of  coal. 

These  jigs  have  been  made  in  various  ways,  represented  in 
this  country  by  the  so-called  Diescher,  Stutz,  and  Stein  washers, 
all  the  same  in  principle,  but  differing  in  essential  details  from 
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the  Luhrig  jigs.  It  must  be  kept  in  mind^  hotvevery  that  success 
in  coal  washing  does  not  depend  so  much  on  individual  m/ichines 
and  appliances  which  can  he  made  in  any  good  machine  shop  as 
it  does  on  the  process  and  the  system  upon  which  the  whole 
plant  has  been  built  and  is  operated.  The  nature  of  the  coal 
must  in  every  case  be  taken  into  account,  the  purposes  for  which 
it  is  to  be  used,  and  the  plant  designed  accordingly.  It  follows 
that  every  plant  is  different,  and  imitation  of  previously  carried  . 
out  plans  is  generally  faulty  and  disappointing.  It  is  therefore 
advisable  to  place  the  design  of  washing  plants  into  the  hands 
of  an  expert  who,  by  training  and  experience  in  this  particular 
line  of  work,  is  qualified  to  so  systematize  and  arrange  the 
plant  to  meet  existing  conditions  as  to  produce  the  best  results. 

The  perfection  of  the  Luhrig  system  of  coal  washing  was  the 
life  work  of  Mr.  Luhrig  among  some  of  the  most  dirty  and  dif- 
ficult coals  of  Europe.  This  system,  after  being  perfected  in 
Germany  and  covered  in  its  essential  details  by  letters  patent, 
was  introduced  into  England  and  Scotland  by  the  Messrs.  Merry 
&  Ouninghame  at  their  collieries.  Its  work  at  these  places  was 
so  effective  and  so  far  in  advance  of  the  results  obtained  by  other 
processes  of  washing  that  it  is  now  almost  exclusively  used  in 
Great  Britain. 

Messrs.  Cuninghame  &  Co.,  controlling  the  Luhrig  patents  in 
the  United  States  and  Canada,  have  introduced  the  system  into 
this  country,  and  have  built  successful  Luhrig  washeries  at 
Garterville  and  DeSoto,  Illinois ;  Belt,  Montana ;  and  Union  Bay, 
Vancouver  Island.  A  six-hundred-ton  plant  for  coking  coal  is 
now  building  at  Greensburg,  Pa.,  for  the  Alexandria  Coal  Com- 
pany's Crabtree  Mine.  This  washer  is  situated  in  that  belt  of 
coal  country  in>mediately  contiguous  to  and  surrounding  the  Con^ 
nellsville  region.  The  coal  has  all  the  coking  qualities  of  the 
Connellsville  coal,  but  being  higher  in  ash  and  sulphur,  its  coke 
does  not  command  the  price  for  blast  furnace  and  foundry  use 
which  is  obtained  for  the  Connellsville.  And  it  is  for  the  purpose 
of  washing  out  these  impurities  that  the  Alexandria  Coal  Com- 
pany are  spending  a  large  sum  of  money  in  this  plant,  hoping 
thereby  to  sell  their  coke  for  full  Connellsville  price.  When  we 
consider  that  Connellsville  is  the  standard  coke  of  this  country, 
that  the  Connellsville  field  is  comparatively  small  and  is  prac- 
tically owned  by  one  man,  and  that  a  thoroughly  succepsful 
washing  will  make  available  thousands  upon  thousands  of  acres 
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of  coal  for  coke,  fully  equal  to  the  Connellsville  standard,  we 
realize  in  some  measure  how  much  interest  attaches  to  the 
success  of  this  enterprise  in  western  Pennsylvania.  The  fol- 
lowing is  a  description  of  this  plant  (see  Figs.  28-30) : 

A  five-hundred-ton  storage  bin  already  in  place  will  be  used 
for  the  present  for  a  "raw  coal"  storage  bin.     From  this  bin 


Fig.  29. 


the  unwashed  coal,  crushed  to  the  size  of  nut  coal  and  under, 
flows  into  the  elevator  1,  which  takes  the  raw  coal  to  the  top  of 
the  washery.  This  elevator  delivers  to  the  triple-jacketed  screen 
2,  which  is  approximately  fifteen  feet  long  by  eight  feet  diameter 
and  grades  all  the  coal  into  four  sizes,  Nos.  1,  2,  and  3  nut,  and 
fine  coal.  On  the  third  floor  of  the  building  are  six  nut-coal  jigs, 
two  for  each  of  the  three  sizes  of  nut  coal.  These  jigs  are  so 
adjusted  that  only  the  very  clean  nut  coal  goes  over  as  coal,  and 
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feldspar  rewashing  jigs,  10.  The  cleaned  coal  from  these 
rewashing  jigs  flows  into  the  perforated  bucket  elevator  11, 
where  it  is  drained,  and  falls  into  bin  12  to  be  used  as  fuel. 

The  great  advantage,  in  a  washery  for  coking  coal,  in  thus 
washing  the  nut  coal  before  crushing  is  readily  apparent.  All 
impurities  intergrown  with  the  coal  in  the  nut-coal  sizes  are 
thus  at  once  and  forever  taken  out  of  the  coking  coal,  cleansed 
and  used  for  other  purposes.  If  these  pieces  were  crushed 
before  washing,  their  impurities  would  be  mixed  with  the  clean 
coal,  and  no  amount  of  subsequent  washing  would  get  it  all  out 
again.  If  it  is 'desired  to  reduce  all  the  coal  to  a  fine  state 
before  coking,  it  is  better  to  wash  first,  and  then  disintegrate 
the  clean  nut  coals  after  washing. 

The  fine  coal  passmg  through  the  openings  in  the  outer 
jacket  of  screen  2  is  met  by  the  stream  of  water  from  the  drain- 
ing screen  3  and  washed  into  the  hydraulic  grading  box  13. 
This  is  a  V-shaped  box  having  six  compartments  corresponding 
to  the  six  fine-coal  jigs.  Herein  the  fine  coal  automatically 
grades  itself  into  six  dijQTerent  sizes.  Each  of  these  sizes  is 
washed  by  itself  in  one  of  the  six  feldspar  jigs,  14.  All  jigs  are 
driven  by  adjustable  eccentrics,  so  that  they  may  be  very  accu- 
rately adjusted  to  wash  the  particular  size  and  kind  of  material 
which  goes  to  them. 

The  clean  coal  from  the  fine-coal  jigs  14  is  sluiced  to  the 
draining  screen  15,  having  one-eighth-inch  openings.  From 
here  the  coal  passes  to  elevator  4.  The  water  and  fine  coal  dust 
passing  through  the  openings  of  this  screen  flow  to  the  sludge 
elevator  16.  The  final  refuse  from  the  fine-coal  jigs  14,  and 
from  the  rewashing  jigs  10,  passes  to  the  final  refuse  elevator 
17.  This  delivers  it  to  a  bin  from  which  it  is  drawn  from  time 
to  time  and  carted  to  the  dump. 

The  elevator  17  has  perforated  buckets.  Its  foot  rests  in  a 
V-shaped  water-tight  box.  Lying  full  length  along  the  bottom 
of  this  box  is  a  screw  conveyor.  The  water  carrying  refuse  is 
discharged  directly  into  the  buckets  of  the  elevator,  so  as  to 
catch  as  much  of  the  refuse  as  possible.  What  flows  over  with 
the  water  settles  gradually  to  the  bottom  and  is  taken  to  the 
elevator  by  the  screw  conveyor.  The  water  overflows  at  the 
farther  end  of  the  box  into  the  pump  tank,  to  be  used  over  again. 

The  water  from  the  fine-coal  draining  screen  15  flows  in  a 
very  similar  manner  to  the  buckets  of  the  sludge  elevator  16 ; 
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both  the  washed  and  unwashed  portions.     The  following  results 
were  obtained : 


No.  of 
Sample. 

Size. 

Kind. 

ABh^. 

Snlphar  %. 

Pho8.  %. 

1 
2 
8 
4 
5 

iin.  to  }  in. 

it          it         (( 

^^g  in.  to  i  in. 

(t      <<     (t 

Under  ^  in. 

Unwashed 

Washed 

Unwashed 

Washed 

Unwashed 

10.85 
6.88 

10.60 
6.218 

12.400 

1.098 
0.604 
1.189 
0.617 
1.606 

0.082 
0.025 
0.027 
0.025 
0.088 

Specific  gravity  of  bone  coal 1.39  per  cent. 

Specific  gravity  of  pure  selected  coal 1.27   **      " 

Fixed  ash  in  pure  selected  coal 2.54   **      ** 

A  previous  ultimate  analysis  of  a  sample  of  this  coal  gave  the 
following  results : 


Bone  %. 

Pyrites  %. 

Slate  jt 

Moisture 

1.150 
26.900 
21.080 

0.549 
60.821 

0.072 

1.552 

Vol.  matter 

Ash 

Sulphur . . .' 

28.28 

1.098 

Fixed  carbon 

Phosphorus 

0.05 

0.017 

Sd.  jrravity 

It  is  expected  that  the  washing  of  the  coal  at  this  place  will 
be  so  thoroughly  done  that  the  ash  in  the  coke  made  from  the 
washed  coal  will  be  below  10  per  cent,  and  the  sulphur  below 
1  per  cent.  That  this  may  be  confidently  expected  will  be 
readily  apparent  when  we  consider  the  wonderful  results 
achieved  at  Union  Bay,  B.  C,  where  the  ash  is  reduced  from 
35.5  per  cent,  to  8.5  per  cent.  The  fixed  ash  in  this  Comox  coal 
is  7.8  per  cent,  thus  showing  that  the  coal  washed  to  within 
1  per  ceni  of  the  fixed  ash  in  the  coal. 

The  Luhrig  system,  though  comparatively  new  in  this  country, 
is  no  new  thing.  Over  200  plants  are  in  daily  use  in  England, 
Germany,  Austria,  and  other  parts  of  the  world,  all  doing  good 
work.  Several  of  these  plants  have  capacities  of  175  tons  per 
hour  each.  Such  is  the  control  which  an  expert  operator  has 
over  the  results  that  the  Messrs.  Cuninghame  &  Co.  are  enabled 
to  fully  guarantee  beforehand  the  exact  results  which  will  be 
obtained  in  washing  any  coal  by  this  process. 
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On  page  27  of  his  valuable  book  on  "  Coke  '*  Mr.  John  Fulton 
says  that  the  coal  of  Belt,  Montana,  cannot  be  coked.  In  1894 
a  Luhrig  washery  was  erected  at  Belt,  also  some  beehive  coke 
ovens.  These  are  now  producing  one  hundred  tons  per  day 
of  coke.  The  Anaconda  Copper  Company,  who  own  the  plant 
at  Belt,  were  paying  $13.80  per  ton  for  Pocahontas  and  $12.50 
for  Connellsville  coke.  The  Belt  coke,  which  fully  answers 
their  purpose,  now  costs  them  $4.40  per  ton.  The  washer  is 
therefore  saving  them  about  $900  a  day  by  so  preparing  this  so- 
called  non-coking  coal  that  it  makes  a  coke  very  fair  in  quality. 
In  this  Belt  coal  of  1  inch  to  1^  inches  in  size  the  ash  was 
reduced  by  washing  from  29.69  per  cent,  to  7.35  pei;  cent.,  and 
in  the  i  inch  to  1  inch  from  18.74  per  cent,  to  5.56  per  cent. 
Their  coke  at  present  averages  lOi  per  cent,  in  ash. 

At  Union,  on  Vancouver  Island,  the  Dunsmnirs  had  a  few 
ovens  at  which  they  made  a  very  inferior  coke  from  coal  washed 
in  a  Shepard  washer.  After  an  inspection  of  the  washer  at  Belt, 
they  put  up  at  Union  Bay  a  600-ton  Luhrig  washer  and  100 
beehive  coke  ovens.  This  washer  achieved  the  wonderful 
result,  already  mentioned,  of  bringing  the  ash  down  from  35fV 
per  cent,  in  the  unwashed  coal  to  8^  per  cent,  in  the  washed, 
the  fixed  ash  being  7-ff^  per  cent.  When  washing  with  salt 
water,  as  they  did  for  a  short  time  during  last  summer's  dry 
season,  the  coal  showed  10  per  cent,  of  ash.  The  coke  ovens 
were  recently  started  and  are  making  a  very  fine  quality  of 
coke. 

In  a  Luhrig  plant  for  fuel  coal,  such  as  constructed  at  Carter- 
ville  and  De  Soto,  Illinois,  the  essential  difference  from  the 
washer  at  Crabtree,  described  above,  consists  in  keeping  the 
sizes  of  coal  separate  as  they  come  from  the  jigs.  The  several 
sizes  are  drained  over  bumping  screens  direct  into  the  bins,  and 
sold  as  No.  1  nut,  No.  2  nut.  No.  3  nut,  and  No.  4  nut.  The  sludge 
is  either  used  under  their  boilers  or  is  thrown  away.  A  spray 
of  clean  water  directed  on  the  bumping  screens  washes  the  coal 
bright  and  clean,  so  that  it  appears  almost  as  bright  as  an 
anthracite.  In  a  recent  test  made  in  the  Fisher  Building, 
Chicago,  the  cost  of  evaporating  1,000  pounds  of  water  with 
Indiana  block  coal  was  23^  cents,  with  Luhrig  No.  1  washed 
nut  17^^  cents,  showing  a  saving  of  5|^,  cents,  or  24  per  cent. 
The  washing  of  this  southern  Illinois  coal  by  this  process 
brings   the   owners  of  the   plant  a  profit  of  about  35  cents  a 
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toB.     The  analysis  of  this  coal  before  and  after  washing  is  as 
follows : 

Beforx.  After. 

Per  cent.  Per  cent. 

Moisture 5.0  5.0 

Pi  xed  carbon 44 . 0  57.0 

Volatile  matter 82.0  38.0 

Sulphur 1.0  0.8 

Ash 18.0  4.2 

100.0  100.0 

In  1889  a  600-ton  Luhrig  washery  was  erected  at  North 
Motherwell,  near  Glasgow,  Scotland.  The  ash  in  the  unwashed 
coal  was  23  per  cent.  In  contracting  for  this  plant  the  follow- 
ing guarantees  were  given :  capacity,  600  tons  per  day  of  10 
hours ;  ash  in  the  pearl  coal,  i%,  inch  to  i  inch,  not  to  exceed 
6  per  cent.,  and  for  every  1  per  cent,  of  ash  left  in  this  coal  over 
6  per  cent,  the  patentees  were  to  forfeit  £100.  The  refuse  was 
guaranteed  not  to  contain  more  than  2  per  cent,  of  pure  coal, 
and  for  every  1  per  cent,  of  coal  found  in  the  refuse  over  and 
above  this  2  per  ceni  the  patentees  were  to  forfeit  £100.  The 
cost  of  labor  was  guaranteed  not  to  exceed  /^^  of  a  penny,  or 
about  Ij  cents  per  ton  handled,  and  for  every  -^  of  a  penny  it 
cost  above  this  the  patentees  were  to  forfeit  £150. 

How  these  guarantees  were  met  will  appear  from  the  follow- 
ing facts  and  figures  from  a  paper  read  in  1893  before  the 
Mining  Institute  of  Scotland,  giving  the  results  of  an  examina- 
tion the  author  of  the  paper  made  of  the  washer. 

In  the  four  years  it  had  been  running  there  had  been  a  loss 
of  only  two  hours'  output,  and  this  was  due  to  the  breaking  of 
the  main  belt. 

In  the  unwashed  pearl  coal  the  ash  was  22  per  cent.,  and  in 
the  washed  pearl  3j\  per  cent,  to  4  per  cent.,  or  2  per  cent, 
under  the  guarantee. 

During  a  week's  run  the  washer  cleansed  2,659  tons  of  coal, 
running  35  hours,  or  at  a  rate  of  760  tons  in  10  hours — 160  tons 
per  day  above  the  guarantee.  Of  this  amount  320  tons  were 
refuse,  leaving  2,339  tons  of  clean  coal. 

The  total  cost  of  washing  2,339  tons  of  coal,  including  labor, 
oil,  steam,  and  loading  into  cars,  was  yVir  ^^  *  penny,  or  almost 
exactly  the  guaranteed  amount. 

During  the  year  1892  there  were  washed  at  North  Motherwell 
125,704  tons  of  raw  material.     The  estimated  profit  on  this,  due 
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DCCV.* 
PAPER  FRICTION  WHEELS, 

**  .  BT  W.  r.  M.  €K>S8,  LATATBTTB,  XKD. 

(Member  of  the  Society.) 

If  two  toothless  wheels  are  pressed  face  to  face,  the  rotation 
of  one  will  tend  to  turn  the  other,  and  under  favorable  condi- 
tions power  may  be  transmitted  from  the  driver  to  the  follower. 
Such  an  arrangement  may  employ  all  the  forms  common  to 
toothed  gearing,  but  as  the  contact  is  one  of  pure  rolling  such 
gearing  is  freed  from  some  of  the  limitations  which  govern  the 
use  of  toothed  wheels.  For  example,  in  friction  gearing  the 
driven  wheel  may  be  disengaged  and  stopped  without  danger 
of  shock,  while  the  driver  continues  its  motion ;  or,  if  out  of  gear, 
it  may  as  readily  be  started,  its  speed  accelerating  until  it 
becomes  normal.  ^ 

The  amount  of  power  which  can  be  transmitted  by  friction 
gearing  depends  upon  the  characteristics  of  the  material  used  in 
the  two  wheels  which  run  in  contact.  As  usually  constructed, 
the  driver  is  made  of  yielding  material,  such  as  wood,  raw- 
hide, leather,  or  india  rubber,  while  the  driven  wheel  is  almost 
invariably  of  cast  iron.  Such  combinations  have  the  advantage 
of  producing  a  high  coefficient  of  friction  between  the  wheels ; 
and  again,  if  there  is  slippage,  it  is  the  harder  wheel  that 
stops,  and  upon  this  the  continuous  motion  of  the  softer  driver 
inflicts  no  damage.  Until  quite  recently  all  such  gearing  has 
been  of  light  construction,  and  the  power  transmitted  corre- 
spondingly small,  and  so  long  as  leather  and  raw-hide  continued 
to  be  the  materials  most  preferred  for  the  construction  of 
drivers,  no  very  heavy  work  was  practicable. 

There  has  recently  appeared,  however,  a  new  material  which 
seems  well  suited  to  the  requirements  of  friction  wheels.  This 
is  compressed  straw-board;   and  as  in  belt  transmission  the 

♦  Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
TransaeHons, 
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shaftingy  while  Fig.  35  shows  a  device  which  has  been  employed 
for  giving  motion,  in  either  direction,  to  the  spindle  of  a  well- 
known  shaping  and  panel-carving  machine. 

In  the  absence  of  data  which  would  serve  as  a  basis  for  calcu- 
lating the  amount  of  power  which  any  paper  wheel  can  trans- 
mit, an  experimental  study  of  the  problem  was  resolved  upon, 
and  with  this  end  in  view  apparatus  was  devised  which  is 
shown  diagrammatically  by  Fig.  36.  The  shaft  A  of  this  figure 
runs  in  fixed  bearings  and  carries  the  paper  friction  wheel ;  it 
is  designed  to  be  driven  by  belting  from  any  convenient  source 
of  power,  the  direction  of  the  motion  being  that  indicated  by  the 
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arrow.  The  shaft  B  carries  the  iron  follower  and  the  brake 
wheeL  The  bearings  of  this  shaft  are  capable  of  receiving 
motion  in  a  horizontal  direction,  and  by  means  of  suitable 
mechanism  connected  with  them,  the  iron  follower  may  be  made 
to  press  against  the  paper  driver  with  any  force  desired.  The 
pressure  exerted  by  B  upon  A  is  the  "pressure  of  contact," 
and  is  represented  by  P,  Through  the  action  of  the  brake,  the 
tendency  of  the  iron  wheel  to  revolve  with  the  paper  wheel 
may  be  resisted  to  any  desired  degree,  and  the  theory  of  the 
machine  assumes  that  the  energy  absorbed  by  the  brake  is 
equal  to  that  transmitted  from  the  driver  to  the  follower  at 
their  point  of  contact,  C.  The  resisting  force  of  the  brake  may 
readily  be  reduced  to  an  equivalent  force,  F^  acting  at  the 
circumference  of  the  follower,  and  its  value  may  be  accepted  as 
the  force  actually  transmitted  from  one  wheel  to  the  other  at  the 
point  of  contact,  C. 
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From  this  brief  description,  it  will  be  evident  that  the  func- 
tions of  the  apparatus  are  such  as  will  permit  a  study  of  the 
relationship  existing  between  F  and  P,  which  relationship  may 
be  expressed  as  the  coefficient  of  friction,  thus : 

J     p 

Other  things  being  equal,  the  power  which  can  be  transmitted 
by  any  such  gearing  will  vary  directly  with  the  coefficient  of 
friction. 
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Fig.  86. 


The  actual  machine  used  is  shown  by  Fig.  37.  It  meets  all  the 
conditions  which  have  been  defined,  excepting  that  the  shaft  B 
does  nofc  run  in  frictionless  bearings,  as  a  strict  adherence  to 
the  assumed  theory  would  require.  It  is  thought  that,  during 
the  experiments,  the  journal  friction  at  B  was  fairly  constant, 
and  that  its  value  was  always  small  as  compared  with  that  of 
the  forces  transmitted  by  the  gearing.  Its  effect,  so  far  as  it 
may  have  had  an  effect,  would  have  been  to  reduce  the  value  of 
the  observed  coefficient  of  friction.  The  values  as  observed, 
however,  are  doubtless  better  for  the  purposes  in  hand  than  a 
true  value,  since  the  employment  of  friction  wheels  in  practice 
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will  generally  inyolve  losses  by  journal  friction  similar  to  those 
existing  during  the  progress  of  the  experiments  in  question. 

By  reference  to  Fig.  37,  it  will  be  seen  that  the  fixed  bearings 
of  shaft  A  are  fitted  between  guides  in  such  a  manner  as  to 
allow  the  bearings  of  the  shaft  to  be  blocked  out  towards  B^  in 
case  a  friction  wheel  is  to  be  experimented  upon  which  is  much 
smaller  in  diameter  than  the  one  shown.  The  bearings  of  B 
slide  at  a  good  fit  between  the  guides  in  the  frame,  and  the 
.pressure  of  contact  between  the  friction  wheels  is  secured  by 
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Fig,  37. 


weights  on  the  holder  Ey  acting  through  a  bell  crank  and  suit- 
able connecting  links.  The  fulcrum  of  the  bell  crank  is  in  a 
block  (?,  which  may  be  adjusted  by  the  hand  wheel  E^  thus 
allowing  the  arms  of  the  bell  crank  to  be  brought  to  their 
normal  position,  and  in  this  way  offsetting  slight  variations  in 
the  diameter  of  the  friction  wheels.  Power  was  delivered  to  A 
by  two  three-inch  belts,  and  was  absorbed  at  J?  by  a  rope 
dynamometer.  Slippage  was  determined  from  readings  of 
counters  taken  simultaneously  from  each  shaft. 
In  carrying  out  the  experiments  it  was  found  convenient  first 
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to  load  the  weight  holder  E,  Fig.  37,  and  then  to  bring  the  bell 
crank  to  its  normal  position  by  adjusting  the  trunnion  block  0  ; 
the  follower  was  thus  made  to  roll  with  the  driver  under  a 
definite  pressure  of  contact.  By  applying  the  brake  a  light 
resistance  was  then  introduced  to  oppose  the  motion  of  the 
driven  shaft,  and  this  was  maintained  constant  for  a  sufficient 
period  to  allow  observations  to  be  made  for  slip. 
The  pressure  of  contact,  the  load  on  the  brake^  and  the  slip 
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having  been  observed,  a  new  set  of  conditions  was  obtained  by 
increasing  the  bri^e  load,  after  which,  observations  were  re- 
peated. In  this  maimer  a  series  of  observations  was  made  under 
a  constant  pressure  of  contact,  but  at  different  brake  loads;  and 
as  each  increment  of  brake  load  increased  the  slip,  the  resulting 
data  gave  the  relation  between  the  per  cent  of  slippage  and  the 
force  transmitted  for  the  pressure  of  contact  chosen.  When 
the  brake  load  had  been  so  much  increased  as  to  make  the 
slippage  excessive,  a  new  value  for  the  pressure  of  contact  was 
chosen,  and  the  whole  process  as  already  described  was  repeated. 
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The  results  were  finally  grouped  for  purposes  of  comparison, 
in  such  a  manner  as  would  make  each  group  present  but  a 
single  variable  factor. 

The  experiments  involved  paper  friction  wheels  of  approxi- 
mately 5.^,  8, 12,  and  16  inches  diameter,  all  in  contact  with  a 
16-inch  cast-iron  wheel.  The  contact  pressure  was  varied  from 
75  pounds  per  inch  of  width  to  more  than  400  pounds,  aud  the 
speed  limits  gave  a  peripheral  velocity  varying  from  450  to  2,700 
feet  per  minute.  In  an  effort  to  eliminate  all  inconsistencies 
the  work  was  many  times  repeated,  the  whole  process  involving 
more  than  5,000  observations. 

The  following  is  a  summary  of  results  :  * 

Slippage, — By  increasing  the  load  to  be  carried,  the  slippage 
may  always  be  gradually  increased  to  three  per  cent.,  and  under 
favorable  conditions  its  gradual  increase  may  reach  a  maximum 
of  six  per  cent,  but  when  the  slippage  is  between  the  limits  of 
three  per  cent,  and  six  per  cent,  it  is  likely  to  undergo  a  rapid 
increase  to  100  per  cent.;  that  is,  the  driven  wheel  is  likely  to 
stop. 

The  Coefficient  of  Friction  depends  upon  conditions  some  of 
which  have  not  been  studied  and  are  not  understood.  It  is 
most  affected  by  slippage.  Its  value  increases  with  increase  of 
slip  until  the  latter  becomes  about  three  per  cent.,  after  which 
the  action  of  the  gearing  becomes  uncertain.  With  a  slippage 
of  two  per  cent.,  the  maximum  value  of  the  coefficient  rises 
above  twenty-five  per  cent.,  and  as  the  slippage  approaches 
three  per  cent.,  even  larger  values  have  been  observed.  Fig. 
38  shows  a  relation  between  slippage  and  the  coefficient  of 
friction,  which  can  easily  be  maintained  with  paper  friction 
wheels  of  8  inches  or  more  in  diameter. 

The  coefficient  of  friction  is  apparently  constant  for  all  pres- 
sures of  contact  up  to  a  limifc  which  lies  between  150  and  200 
pounds  per  inch  of  width  of  wheel-face,  beyond  which  limit  its 
value  apparently  decreases. 


*  In  presenting  the  results  of  the  experiments  which  hare  been  describ^^,  the 
writer  acknowledges  the  assistance  of  Prof.  M.  J.  Golden,  who  worked  up  the 
detail?  of  the  testing-machine,  Fig.  37  ;  of  the  Rockwood  Manufacturing  Com- 
pany of  Indianapolis,  through  whose  courtesy  all  necessary  friction  wheels  were 
supplied;  and  of  Messrs.  Robt.  D.  Hawkins,  M.E.,  '95,  and  T.  E.  Layden, 
B.S.,  '96,  who  as  students  in  the  Purdue  laboratory  conducted  the  experimental 
work. 
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Friction  wheels  of  8,  12,  and  16  inches  diameter  give  nearly 
the  same  value  for  the  coefficient,  while  results  irom  a  six-inch 
wheel  are  lower  by  about  ten  per  cent— a  fact  which  would 
seem  to  indicate  that  wheels  smaller  than  those  experimented 
upon  may  have  a  still  lower  value  for  their  coefficient 

Variations  in  peripheral  speed  between  400  and  2,800  feet 
per  minute  do  not  affect  the  coefficient  of  friction. 

Pressure  of  Contact — With  a  constant  coefficient  of  friction, 
the  power  transmitted  varies  directly  with  the  pressure  of  con- 
tact. During  the  comparatively  short  period  covered  by  the 
experiments,  the  paper  wheels  gave  no  indications  of  breaking 
down  under  pressure  as  high  as  400  pounds  per  inch  in  width. 
The  work  was  not  continued  through  a  period  sufficiently  long, 
however,  to  permit  a  determination  of  the  maximum  pressure 
with  which  paper  drivers  may  be  forced  against  their  iron 
followers ;  but  it  has  already  been  noted  that  the  coefficient  of 
friction  is  maximum  under  a  pressure  of  about  150  pounds  per 
inch  in  width,  and  while  the  amount  of  power  delivered  may  be 
augmented  by  increasing  the  pressure  above  this  limit,  the 
most  efficient  pressure  is  that  for  which  the  coefficient  of  friction 
is  maximum. 

Horse-Power. — By  making  d  the  diameter  of  the  friction 
wheel  in  inches,  w  the  width  of  its  face  also  in  inches,  and  N 
the  revolutions  per  minute,  and  by  accepting  0.2  as  a  safe  value 
for  the  coefficient  of  friction,  and  a  pressure  of  150  pounds  per 
inch  width  of  face  as  the  pressure  of  contact,  the  horse-power 
may  be  written  as, 

H.  p.  =  150_x_a2_x_j^^  d.wxN^  .000238  d  TOT. 

This  formula  is  believed  to  be  safe  for  friction  wheels  which  are 
8  inches  or  more  in  diameter,  and  under  conditions  which  make 
it  possible  for  them  to  be  kept  reasonably  clean.  By  its  use 
the  following  table  has  been  calculated  : 
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DIS0U8SI0N. 

Prof.  Paul  M.  Chamberlain, — This  subject  which  Professor 
Goss  has  investigated  is  an  interesting  one,  and  the  data  he  has 
given  us  are  valuable.  It  is  to  be  hoped  that  the  investigations 
may  be  made  to  include  bevel  gears,  as  there  is  perhaps  a  greater 
need  for  simple  efficient  angular  transmission  than  between  par- 
allel shafts,  and  the  coefficient  of  friction,  I  am  led  to  believe,  is 
somewhat  different. 

Straw-board  without  cement  works  very  well  if  the  journal 
friction  is  not  excessive.    The  design  of  the  journals  needs  to  be 
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somewhat  more  carefully  worked  out  than  if  toothed  gearing 
or  mule  pulleys  are  used,  and  some  quick  method  of  making  ad- 
justment for  wear  or  change  of  the  humidity  of  the  atmosphere. 

I  present  herewith,  in  Fig.  39,  a  design  for  some  ball-bearing 
journals  which  were  made  for  friction  cones  and  shafting  already 
in  position  but  not  working  satisfactorily.  The  thrust  bearings  of 
the  shafting  were  at  their  extreme  ends,  and  the  journals  taking  the 
side  thrust  near  the  cones  were  doing  duty  of  over  150  pounds  per 
square  inch  of  projected  area.  The  mean  diameter  of  the  cones  is 
about  12  inches,  the  speed  1 60  revolutions  per  minute,  and  the  horse- 
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power  transmitted  not  over  4.  The  pressure  per  inch  width  of 
pulley  is  nearly  twice  that  used  in  Professor  Goss's  experiments. 
With  the  arrangement  used  in  the  sketch,  the  apparatus  has  now 
run  over  a  year  giving  good  satisfaction. 

In  a  new  design  it  would  be  advantageous  to  carry  the  bearings 
nearer  the  centre  of  the  rims  and  use  very  stiff  shafting  near  the 
cones,  as  any  deflection  whatever  tends  to  wear  the  paper  out  of 
true. 
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Fig.  40. 
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shown  in  Fig.  41  a  very  efficient  boiler  for  high-pressure  work. 
Inasmuch  as  the  ancients  had  little  or  no  use  for  st^am  under 
pressure,  and  as  their  boilers  were  principally  used  for  heating 
water,  it  was  sufficient  that  the  boiler  shells  and  covers  offered 
only  a  slight  resistance,  requiring  merely  a  heavy,  well-fitted 
cover,  which  was  sufficient  to  prevent  the  escape  of  the  steam. 

The  first  apparatus  (No.  73,018),  illustrated  by  the  photographs 
Fig.  40,  and  the  drawings  showing  vertical  and  horizontal  sec- 
tions (Figs.  41  and  42),  consists  of  a  cylindrical  receptacle.  A, 
which  measures  thirty  centimetres  in  internal  diameter  and  forty- 
eight  centimetres  in  heighi  The  thickness  of  the  walls  is  a  little 
more  than  a  millimetre,  and  as  one  does  not  see  any  joints  in  the 
sides  of  the  cylinder,  it  may  be  supposed  that  it  was  cast,  as  were 
generally  all  of  the  Pompeiian  vases,  and  then  worked  or  turned 
all  round  to  even  the  thickness.  The  top  of  this  receptacle 
was  closed  by  a  beautifully  engraved  or  chased  lid,  JS,  which 
was  removable,  but  neatly  fitted  over  a  bronze  reinforcing 
ring,  a 

A.t  the  bottom  of  the  external  cylinder  it  is  joined  to  an  inter- 
nal cylinder  of  smaller  diameter,  and  which  rises  to  a  certain 
lieight,  and  terminates  in  a  spherical  cap.  The  diameter  of  this 
internal  shell  is  twenty-five  centimetres,  and  the  Height  thirty 
centimetres.  The  annular  space,  or  jacket,  between  the  cylinders 
constitutes  the  water  capacity  of  the  boilers,  while  the  interior  of 
the  inner  cylinder  constitutes  the  furnace  chamber,  the  grate  for 
^Uch  forms  a  very  interesting  feature  of  the  construction.  A 
careful  examination  of  the  particular  boiler  illustrated  herewith 
shows  that  the  annular  water  space  does  not  preserve  the  same 
thickness  all  around,  especially  the  oven,  due  more  to  having 
Wn  damaged  than  to  imperfect  construction.  Neither  is  the 
'^iniace  chamber  exactly  central  to  the  boiler.  It  is  clear,  how- 
®^er,  that  all  of  the  surface  of  the  inner  chamber  constitutes  the 
heating  surface  in  this  Pompeiian  apparatus,  the  same  as  in  our 
^ater-jacket  boilers  of  the  present  day.  The  grate  bars  (see 
*'^.  41  and  42),  seven  in  number,  were  made  from  sheet  bronze, 
rolled,  and  soldered  or  brazed.  These  tubes  open  at  both  ends 
^to  the  bottom  of  the  water  jacket,  thus  forming  water  tubes, 
^^  grates,  upon  which  rested  the  fuel,  and  through  which  trav- 
ersed the  water  as  it  circulated  in  the  boiler. 

To  quote  from  the  description  furnished  me  by  Mr.  Milone  : 
"  By  this  arrangement  of  the  grates  not  only  was  the  heating 
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surface  greatly  increased,  but  the  beating  was  rendered  more 
efficient,  thus  showing  that  the  ancients  fully  understood  the 
principle  of  distributing  across  the  furnace  a  certain  number  of 
tubes,  in  order  to  increase  the  heating  surface,  and  to  aid  the 
evaporation  by  means  of  a  more  active  circulation  of  the  water." 

The  rectangular  opening  through  which  the  fuel  was  fed,  was 
placed  five  centimetres  above  the  bottom  of  the  boiler,  and  is 
one  hundred  and  twenty  millimetres  in  height  and  one  hundred 
millimetres  in  width.  This  opening  was  provided  with  a  small 
door  made  of  bronze,  hung  on  two  vertical  hinges,  the  door 
being  operated  by  a  bronze  knob  or  handle,  representing  a  ram's 
head.  There  is  no  evidence  that  these  Pompeiian  boilers  were 
connected  to  a  stack  or  chimney;  but  little  annoyance  was 
caused  by  the  escape  of  gas  or  smoke,  as  the  Pompeiians  used 
charcoal  as  a  fuel,  the  real  "  carbo  "  of  the  Latins  In  order  to 
permit  the  escape  of  the  gases,  at  the  height  of  one  hundred 
and  forty  millimetres  from  the  bottom  of  the  boiler,  fchere  were 
provided  three  openings  from  the  combustion  chamber  to  the 
outside.  These  were  formed  by  tubes  which  crossed  the  annu- 
lar zone,  or  water  jacket,  and  terminated  at  the  outer  end  in  a 
masked  face,  as  may  be  seen  on  the  left  side  of  the  photo- 
graph. •»  - 

It  is  interesting  to  note  here  the  artistic  turn  of  mind  of  the 
ancients,  for  no  matter  how  simple  or  how  ordinary  might  be 
the  article  under  construction,  it  seemed  to  be  second  nature  to 
them  to  ornament  every  detail. 

The  cover,  J?,  referred  to  above,  is  made  of  cast  bronze, 
decorated  in  a  very  artistic  manner,  and  can  be  removed  and 
put  in  place  by  means  of  two  small  handles,  each  one  gracefully 
representing  two  athletes  wrestling,  as  is  shown  by  the  photo- 
graph, Fig.  40.  The  cover  of  the  boiler  is  made  in  two  parts,  the 
larger  of  which  was  probably  only  removed  in  case  of  making 
iiitemal  repairs,  or  for  the  purpose  of  cleaning  the  boiler. 
There  is  a  supplementary  lid,  F,  much  smaller,  that  opened 
on  hinges,  shown  in  Fig.  41,  and  it  was  through  this  opening  that 
the  water  was  poured  into  the  boiler.  The  hot  water  was 
extracted  by  means  of  a  big  ladle  with  a  long  handle,  or  a  pan 
or  vessel.  This  second  lid,  or  cover,  had  in  the  centre  a  knob 
that  represented  an  "  Eros  "  or  Cupid,  entwined  with  a  dolphin, 
having  in  his  left  hand  a  lyre  and  in  the  other  the  "  plettro," 
or  bow. 
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Finally^  the  boiler  is  raised  thirty  centimetres,  on  an  artistic 
tripod  representing  lion's  claws,  thns  allowing  the  entrance, 
below  the  grates,  of  the  air  necessary  for  the  proper  combustion 
of  the  fael.  Two  handles  that  are  attached  to  the  outer  shell  of 
the  boiler  take  the  form  of  a  man*s  hands,  and  serve  to  lift  the 
entire  boiler  with  the  tripod. 

As  near  as  can  be  ascertained,  the  above  boiler  was  found  in 
Pompeii  proper,  b)it  my  informant  is  not  able  to  indicate  the 
exact  spot  It  probably  belongs  to  the  old  collection  of 
Pompeii. 

The  second  Pompeiian  boiler  (No.  78,673),  illustrated  by 
Fig.  43,  and  shown  in  vertical  and  horizontal  sections  by  Figs.  44 
and  45,  is  much  more  simple  than  the  boiler  above  described, 
not  only  in  the  internal  construction,  but  also  in  the  decora- 
tion. 

This  boiler  has  the  form  of  an  urn  or  an  ancient  vase,  and  is 
constructed  of  bronze,  cast  in  one  piece.  On  the  outside  it 
measures  nearly  thirty  centimetres  in  diameter  in  the  widest 
part  and  forty-four  centimetres  in  height.  Inside  is  the  oven 
or  furnace,  B^  consisting  of  a  cylindrical  shell  attached  to  the 
outer  shell  at  the  mouth,  (7,  from  whence  it  turns  inward  and 
downward,  widening  in  the  meantime  until  it  reaches  the  grate, 
just  below  which  it  flanges  outward,  and  is  attached  to  the  outer 
shelL  Thus  we  have  an  inner  and  outer  cylinder,  the  annular 
space  between  forming  a  water  jacket,  in  which  was  contained 
the  liquid  to  be  heated.  The  surface  of  the  inner  cylinder  con- 
stituted the  heating  surface  of  the  boiler.  The  boiler  is  also 
provided  with  water  grates,  consisting  of  tubes  made  from  sheet 
bronze,  and  opening  at  both  ends  into  the  annular  water  space, 
or  jacket.  Here,  then,  is  another  ancient  example  of  the  water- 
tube  principle,  this  apparatus  being  constructed  with  a  view  to 
attaining  greater  efficiency  by  the  more  extensive  heating  sur- 
face and  more  active  circulation. 

To  the  sides  of  this  urn-shaped  boiler  are  attached  two  very 
simple  handles,  and  the  whole  is  supported  by  an  elegant  tripod 
of  a  little  more  than  ten  centimetres  in  height. 

It  has  been  suggested  that  this  apparatus  may  have  served  at 
some  time  to  heat  wine  as  well  as  water,  which  suggestion 
appears  reasonable,  as  many  competent  authorities  agree  that 
the  Pompeiians  made  great  use  of  hot  drinks.  Probably  this 
urn,  or  boiler,  was  found  in  one  of  the  "  termopodi,"  or,  in  modem 
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language,  cafes,  in  Pompeii  or  some  other  city  of  the  Campania. 
At  Pompeii  were  to  he  found  several  of  these  merchants  or 
dispensers  of  hot  drinks,  but  my  informant  states  that  he  has 
not  ascertained  to  what  other  city  of  the  Campania  it  may  have 


appertained ;  that  is  to  say,  he  is  not  positive  that  this  appa- 
ratus was  really  found  in  Pompeii,  though  he  is  fully  satisfied  as 
to  the  origin  of  the  first  apparatus  described  above. 

It  should  be  noted  also  that  the  opening  through  which  the 
fuel  entered  was  judiciously  placed  on  the  same  side  as  the 
hinge  for  turning  the  lid,  thus  enabling  the  attendant  to  incline 
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the  urn  for  the  purpose  of  pouring  out  part  of  the  liquid  con- 
tents without  spilling  the  fueL 

This  urn-shaped  boiler  does  not,  of  course,  present  so  striking 
a  resemblance  to  some  of  our  modem  boilers  as  the  first  boiler 
described  above,  although  it  appears  to  be  the  boiler  which  has 
been  illustrated  and  described  by  quite  a  number  of  trade 
journals  and  technical  papers  during  the  past  two  years. 

I  have  also  received  from  the  Dutch  Consul  at  Genoa  photo- 
graphs of  a  group  of  ancient  Pompeiian  relics  obtained  through 
a  friend  of  his  in  Naples.  The  photographs  reproduced  here 
are  Figs.  46,  47,  and  48.  Evidently  the  subject  offered  this  lay- 
man little  in  the  way  of  either  romance  or  sentiment ;  con- 
sequently our  record  is  deficient  in  that  it  lacks  any  accurate 
description  of  the  articles  illustrated  in  the  photographs.  It 
is  assumed  that  the  apparatus  shown  in  Fig.  48  is  the  boiler 
referred  to  in  the  different  descriptive  articles  which  have 
appeared  in  the  technical  papers  lately.  The  apparatus  shown 
in  Fig.  46  is  said  to  be  constructed  similar  to  Fig.  48,  but 
whether  it  consists  of  an  annular  water  space  connected  by 
horizontal  water  tubes,  or  simply  an  outer  vessel  containing  an 
inner  smaller  vessel  whose  flanged  rim  rests  on  the  upper 
edge  of  the  outer  vessel,  after  the  manner  of  the  ordinary  double 
boiler  so  common  in  the  modem  household,  our  informant 
does  not  state. 

The  central  group.  Fig.  47,  is  said  to  represent  merely  ordi- 
nary kitchen  furniture,  used  no  doubt  in  the  culinary  depart- 
ment of  some  large  household.  Certain  features  of  this  group, 
brought  out  by  the  photograph,  might  indicate  that  this  appa- 
ratus was  utilized  for  more  important  work,  and  it  is  unfortu- 
nate that  we  cannot  have  some  further  information  as  to  its 
internal  construction. 

The  description  of  the  two  boilers  is  somewhat  meagre  and 
unreliable,  but  suflBcient  is  given  to  establish  the  fact  that  the 
large  boiler  (Fig.  48),  at  least,  is  provided  with  a  water  jacket, 
with  some  form  of  grating  for  supporting  the  fire  underneath. 
A  cock  at  one  side,  which  appears  to  be  very  artistically  deco- 
rated, served  to  draw  off  the  heated  liquid. 

The  latter  photographs,  reproduced  herewith,  were  obtained 
from  the  gallery  opposite  the  National  Museum  at  Naples. 
Apparently  little  effort  has  been  made  by  the  authorities  at  the 
museum  to  trace  the  origin  and  history  of  the  different  relics  I 
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have  described  above,  my  informant  stating  that  no  one  had  in- 
terested himself  in  the  matter,  although  some  of  the  articles 
were  discovered  as  many  as  forty  years  ago. 

This  delinquency  seems  all  the  more  apparent  from  the  fact 
that  in  order  to  give  a  proper  reply  to  my  inquiry,  it  became 
necessary  to  call  in  the  services  of  a  photographer  and  an  en- 
gineer to  illustrate  and  describe  these  precious  relics  of  ancient 
days.  I  only  regret  that  the  same  effort  was  not  made  to  give 
us  fuller  information  regarding  the  apparatus  illustrated  in 
Figs.  46,  47,  and  48,  but  let  us  hope  that  other  of  our  members 
will  interest  themselves  as  opportunity  offers,  and  furnish  the 
Society  with  additional  information  on  the  subject  of  ancient 
boiler-making.     Our  foreign  members  should  assist  in  this. 

For  much  of  the  data  contained  in  this  paper  I  am  under 
obligations  to  M.  Francisco  Milone,  a  very  able  engineer  of 
Naples,  and  to  the  Dutch  Consul  at  Genoa,  N.  I.  Tiedman.  I 
have  also  to  acknowledge  the  courteous  and  valuable  assistance 
rendered  by  the  Hon.  Com.  G.  Solimbergo,  Consul-General 
d'ltalie,  for  Canada,  and  the  Hon.  K.  Boissevain,  Consul-Gen- 
eral for  the  Netherlands,  at  Montreal. 


DISCUSSION. 

Mr.  W.  F.  Durfee, — This  paper  is  a  very  interesting  one 
indeed,  and  the  author  is  entitled  to  our  thanks  for  bringing  such 
interesting  historical  matter  before  the  Society.  In  18Y2  I  heard 
the  late  Joseph  Harrison  deliver  a  lecture  before  the  Franklin 
Institute  on  boiler  construction,  in  which  he  said  that  he  had  seen 
in  a  museum  at  Naples  a  boiler  made  about  two  thousand  years 
ago  in  which  tubes  were  arranged  vertically,  precisely  the  same 
as  in  the  modern  vertical  tubular  boiler.  Quite  recently  I  have 
seen  in  some  of  the  technical  journals  reference  to  an  excavation 
which  had  just  been  made  on  some  private  grounds  near  Pompeii, 
in  which  it  was  claimed  that  very  large  boilers  were  discovered. 
Very  few  details  were  given  with  this  statement.  If  one  of  the 
boilers  described  in  the  paper  was  cast  whole,  as  is  stated,  the 
tubes  must  also  have  been  cast  with  it,  because  they  could  not 
have  been  put  in  place  in  any  other  way  without  drilling  holes 
through  the  sides  of  the  boiler.  If  that  boiler  and  its  tubes  were 
cast,  it  shows  that  the  ancients  were  very  expert  founders.     It 
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woold  be  rather  difficult,  even  at  the  present  day,  to  make  a  cast- 
ing as  complex  as  one  of  the  boilers  shown  in  this  paper. 

Mr.  H.  H.  Suplee. — ^The  subject  of  the  boilers  in  the  Naples 
Museum  is  one  which  is  of  interest  to  me  because  my  attention 
was  first  directed  to  it  many  years  ago  in  the  following  manner : 
In  his  essay  on  the  "  Locomotive  Engine,'^  published  in  1872, 
my  uncle,  the  late  Mr.  Joseph  Harrison,  Jr.,  wrote,  referring 
to  the  few  remains  of  ancient  mechanical  engineering  yet  in 
existence: 

''  How  interesting  is  the  little  that  has  come  down  to  our  time ! 
The  engineer,  noting  the  carious  things  in  bronze  and  copper 
exhumed  at  Pompeii  and  gathered  together  in  the  Museo  Bor- 
bonico  at  Naples,  will  linger  near  a  small  vessel  for  heating  water, 
a  little  more  than  a  foot  high,  in  which  are  combined  nearly  all 
the  principles  involved  in  the  modern  vertical  steam  boiler,  fire 
box,  smoke  flue  through  the  top,  and  fire  door  through  the  side, 
all  complete ;  and,  strange  to  say,  this  little  thing  has  a  water 
grate,  made  of  small  tubes  crossing  the  fire  box  at  the  bottom, 
an  idea  that  has  been  patented  twenty  times  over,  in  one 
shape  or  another,  within  the  period  of  the  history  of  the  steam 
engine." 

Mr.  Harrison  had  returned  from  his  residence  in  Europe  sev- 
eral years  before  he  wrote  this,  and  so  I  believe  that  the  exhuma- 
tion of  the  boiler  to  which  he  refers  must  have  been  more  than 
thirty  years  ago.  About  a  year  ago  I  had  the  opportunity  of 
visiting  the  Naples  Museum,  and,  recollecting  this  passage,  I  made 
it  a  point  to  hunt  up  this  boiler  and  to  procure  a  photograph  of 
it  It  was  readily  found,  and  its  construction  agreed  precisely 
^th  Mr.  Harrison's  description,  and  it  is  the  one  shown  in  Figs. 
40, 41,  and  42  of  Mr.  Bonner's  paper. 

I  also  had  an  opportunity  of  examining  closely  the  little  kitchen 
apparatus  shown  in  Fig.  47  of  the  paper,  and  can  add  somewhat 
^  the  description  of  its  construction. 

Fig.  47  shows  a  little  kitchen  apparatus  consisting  of  a  water 
grate  composed  of  tubes  as  in  the  previous  example,  the  sides  and 
bottom  of  the  fire  box  elsewhere  being  double,  with  a  water  space 
communicating  with  the  larger  upright  reservoir  for  water  on  the 
left.  There  is  thus  a  complete  anticipation  of  the  modern  range 
wiler  with  its  water  back  for  household  uses,  as  well  as  the  mod- 
^  steam  table  used  in  hotels  and  restaurants  for  the  purpose  of 
*^eeping  plates  and  food  warm.     The  whole  apparatus  is  about 
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thirty  inches  long  by  twelve  deep,  as  I  reooUect  it,  and  shows 
evidence  of  most  excellent  and  artistic  workmanship. 

According  to  my  informant,  a  very  intelligent  attendant  at  the 
museum,  these  articles  were  found  not  at  Pompeii,  but  at  Hercu- 
laneum,  and  they  are  placed  in  the  museum  with  the  collection  of 
Herculaneum  bronzes. 
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DCCVII.* 

METHOD  OF  DETERMINING  THE  WORK  DONE  DAILY 
BY  A   REFRIGERATING  PLANT  AND  ITS  COST. 

BT  nUNCU  n.  BOTBR,  KA8T  CAXBRIDGB,  XA08. 

(Member  of  the  Society.) 

The  refrigerating  plant  in  the  abattoir  of  John  P.  Squire  & 
Co.,  East  Cambridge,  Mass.,  was  installed  by  the  De  La  Yergne 
Befrigerating  Machine  Co.  during  the  winter  and  spring  of 
1890  and  1891.  It  is  composed  of  two  machines,  rated  by  the 
builders  as  150  tons  ice-melting  capacity  each  daily,  or  a  com- 
bined capacity  of  300  tons,  this  to  be  accomplished  by  running 
24  hours  daily  with  a  return  pressure  of  26  pounds  above  atmos- 
pliere,  a  condition  of  AQ^^  pounds  pressure  absolute,  running  at 
^  reyolutions  per  minute.  The  size  of  the  gas  compressing 
Cflinders  was  16  inches  in  diameter  and  32  inches  stroke, 
'^ing  double  acting,  four  gas  cylinders  all  told. 

3^6  condition  and  amount  of  work  being  done  is  indicated 

by  the  back  or  return  pressure  of  the  gas — this  condition  being 

Maintained  by  the  speed  of  the  gas  pump — the  engines  being 

^^ctly  connected  and  constructed  to  allow  of  a  variation  of 

®P^^d  from  15  to  75  or  more  revolutions  per  minute. 

It  became  desirable  to  establish  a  method  to  obtain  the 
*^^Unt  of  work  accomplished  daily  in  order  to  arrive  at  the 
^^pense  of  operation,  and  to  make  comparison  with  results  of 
^ther  departments  of  the  abattoir.  By  taking  the  cubic  dis- 
P^^^ment  of  the  compressors  with  a  given  amount  of  return 
P^^saure  the  amount  was  obtained  easily. 

"*^he  following  is  a  copy  of  the  engineer's  logs  for  July  18, 
^896- 


^*^*peeented   at  the  New  York  meeting  (December,  1896)  of    the  American 
~JJ^«ty  of  Maohanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
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^*D.  P."  indicates  direct  pressure,  or  pressure  at  which  the 
ammonia  gas  is  being  liquefied. 

"R.  P."  indicates  return  or  suction  pressure— all  pressures 
starting  at  atmosphere. 

"  Engines  No.  1  and  2  "  are  refrigerating  engines. 

"  Engine  No.  4  "  is  a  200  horse-power  electric-light  ei^ne. 

^*  Engine  No.  5  "  is  an  air  compressor  for  testing  car  brakes. 

"  Salt-water  column  "  is  expressed  in  feet  of  hydrostatic  pres- 
sure. It  is  pumped  1,800  feet  through  a  12-inch  cast-iron  pipe, 
steam  being  conducted  under  the  ground.  Water  being  taken 
from  the  bay,  therefore  being  salt  water.  The  water  is  first 
used  to  condense  ammonia,  and  finally  to  condense  the  steam 
in  a  Wheeler's  1,000  horse-power  surface  condenser. 

In  "  Water  Condenser  "  columns. 

"  I "  —  initial  temperature  to  ammonia  condensers. 

"  C  "  —  temperature  of  water  on  entering  steam  condenser. 

«  F  "  —  final  temperature  of  water  leaving  steam  condenser. 

"  Engines  Hours  Run  "  indicates  the  number  of  hours  the  en- 
gines have  run  from  the  time  they  started.  This  I  find  quite  an 
important  item,  as  engine  drivers  are  apt  to  become  prejudiced 
against  one  or  the  other  engine  where  one  engine  remains  idle, 
as  it  does  in  this  case  during  the  cold  winter  days. 

"  Boilers  Hours  Run."     Indication  same  as  engine. 

"  Remarks  "  come  in  shape  of  instructions  from  department 
superintendents,  test,  and  fire  alarms. 

The  engine  had  run  from  7  A.M.  to  10  p.m.  at  45  revolutions 
per  minute,  during  which  time  between  2,000  and  3,000  hogs 
had  been  slaughtered  and  placed  in  the  "  hanging-room  "  for 
cooling,  which  has  a  floor  space  of  about  one  acre,  or,  to  be 
exact,  42,240  square  feet.  Rooms  No.  1,  2,  3,  4,  6,  and  7  have 
the  same  floor  area.  The  temperature  of  the  hanging-room  in- 
creased from  38  and  33  at  7  a.m.  to  42  and  36  degrees  Fahrenheit 
at  2  P.M.  At  this  time  the  most  severe  work  was  being  done  by 
the  machinery.  This  is  shown  by  the  return  pressure  of  the  gas 
being  at  15  pounds,  and  the  direct  pressure  at  180  pounds  per 
square  inch.  As  the  temperature  in  the  hanging-room  decreases 
so  does  the  work  on  the  engines.  Reference  will  be  made  only 
to  the  hanging-room,  as  there  is  where  most  of  the  work  comes 
from.  Rooms  No.  1,  2,  3,  4,  6,  and  7  are  used  for  curing  and 
storage  purposes,  and  work  coming  from  there  comes  from  heat 
radiating  from  workmen,  from  lights,  from  decomposition  in  pro- 
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cess  of  coring,  and  from  imperfect  insulation.  From  the  last 
source  there  is  but  little  trouble,  as  the  building  has  few  win- 
dows, no  hallway  or  elevators,  no  communication  between  floors, 
and  brick  walls  48  inches  thick. 

As  the  coils  circulating  the  ammonia  become  cold,  and  the 
imexpanded  liquid  returns  to  the  engine,  the  attendant  reduces 
the  supply.  This  first  makes  its  appearance  from  7  to  9  o'clock 
P.M.,  and  at  10  p.m.  the  Tolume  of  return  pressure  of  gas  has 
beoome  so  low  that  the  attendant  has  slowed  down  the  machines 
from  45  to  36  revolutions  per  minute,  and  at  this  condition  the 
work  is  kept  up  until  7  a.m.  the  following  morning.  At  2  a.m. 
there  is  an  increase  of  a  return  pressure,  which  continues  until 
7  A.M.;  this  is  caused  by  a  gang  of  about  100  workmen  beginning 
at  1  A.M. 

A  little  story  is  told  in  the  Water  Condenser  column  in  the 
initial  column  marked  "  I." 

At  7.00  A.M.  the  temperature 67  degrees. 

"1.00p.m.    "  '*  78       '• 

"8.00p.m.    "  "  67       " 

••2.00a.m.    '*  •*  70       '• 

••6.00a.m.    "  *•  67       •' 

This  is  due  to  the  condition  of  the  tides,  the  coldest  water 
coming  at  high  water,  and  warm  at  low  water.  Here  we  find 
that  our  thermometer  gives  us  a  correct  reading  of  conditions  of 
the  tides,  clearly  defining  high  and  low  water. 

The  object  of  this  paper  is  to  ascertain  the  amount  of  work 
done  daily  under  these  varying  conditions.  Under  the  head- 
ing of  "Daily  Tons  of  Refrigeration"  is  the  following : 

24       40         26  +  14.7         1    "  ^^^  ^^^^' 

1}  being  the  number  of  hours'  service  which  the  engines  have 
done. 

40^  is  the  average  number  of  revolutions  for  the  day;  40 
being  a  fixed  number  of  revolutions  necessary  to  establish  a 
given  result  of  effort. 

1^  is  the  average  return  pressure  of  the  gas  from  the 
refrigerator. 

Twenty-six  pounds  per  square  inch  is  the  fixed  pressure  for  a 
given  result,  150  being  the  rated  capacity  of  the  machines  when 
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the  fixed  conditions  are  maintained;  or  we  should  haye  as  a  fixed 
formula : 


Return 
Hours.  Revolutions.  Pressure 


+ 


Atmospheric 

Tons 

Pressure. 

Refrigerating. 

14.7 

150 

24      "  40  '^         26      +      14.7  1 

Average  varying  being  daily  entered. 

To  prove  the  statement  is  an  easy  matter  by  taking  the 
weight  of  the  condensing  water  from  the  ammonia  condensers, 
also  the  oil  cooler;  and  multiplying  by  the  heat  units  wille  stab- 
lish  the  amount  of  heat  being  given.  I  will  not  attempt  to  go 
into  detail,  as  this  is  already  on  record  in  the  Society's  works  in 
the  able  paper  on  Refrigerating  Machinery  by  Professor  Denton, 
vol.  X.,  page  792. 

In  determining  the  cost  of  operating  several  tests  had  been 
made  on  the  boiler  and  engine  plant,  which  showed  an  average 
of  lOj^  pounds  of  water  vaporized  per  pound  of  coal  consumed — 
Pocahontas  coal  from  Virginia  being  used — and  with  an  efficiency 
oi  IBj^V  pounds  of  steam  per  hour  per  horse-power,  or  1^ 
pounds  of  coal  per  hour  per  horse-power.  From  this  data  is 
established  the  amount  to  be  charged  to  electric  light,  and  to  car 
department  for  the  air  compressor  for  testing  air  brakes. 

The  total  amount  of  expense  for  operating  is  taken  monthly 
from  the  store-room  accounts ;  from  the  year  1894  we  have  the 
following : 

Tons  of  refrigerating  produced 48,466| 

Cost  of  maintainiug  refrigerating  department,  including 

annual  repairs $28,471  08 

Average  cost  per  ton  for  refrigeration  for  1894 5SiV  <5t8. 

An  interesting  feature  of  the  monthly  production  and  cost  per 
ton  of  refrigerating  is  shown  as  follows  : 

1894.                                                     Tons.  Cost  per  Ton. 

January 1,816  85  cents. 

February 1,423  86  *' 

March..' 1,538^  B8  ** 

April 2.821tS  78  " 

May 4,747^-  46  '* 

June 5,491A  38  " 

July 6,736A  81  " 

August 7,596A    '         27  " 

September 6,283^^  24  " 

October 5,419Ar  52  *' 

November 2,647Ar  78  " 

December 1.945tV  82  " 


COST  OF  WOBK  DONE  BY  A  REFRIGERATING  PLANT.         138 


DISCUSSION. 

Mr.  George  Richmond. — ^The  significance  of  data  derived  from 
practical  observations  of  refrigerating  machinery  and  experience 
with  it  is  so  important  to  those  who  desire  to  study  this  subject, 
and  these  are,  moreover,  comparatively  so  rare,  that  this  Society  is 
indebted  to  any  one  who  will  furnish  a  record  of  observations. 

In  the  present  instance  such  a  record  is  accompanied  by  an  in- 
terpretation of  the  results,  and  it  is  thought  that  some  intimation 
should  have  been  given  as  to  the  degree  of  accuracy  of  the  formula 
used  for  determining  the  capacity  of  the  machina  This  is  a  sort 
of  rule  of  three,  very  simple  in  form,  but  making  two  assumptions — 
namely,  that  the  capacity  of  the  machine  is  proportional  to  the 
gauge  pressure  of  the  suction  side,  and  that  the  rated  capacity  as 
given  by  the  maker  represents  a  physical  constant.  The  calcula- 
tion of  the  capacity  of  a  compressor  is  so  simple  a  matter  as  to 
render  unnecessary  approximations  which  deprive  the  results  of  all 
significance. 

Mr.  Boyer. — In  writing  this  paper  we  are  governed  by  the  fact 
that  there  are  no  existing  data— at  least  not  to  my  knowledge- 
giving  formulas  to  be  used.  In  regard  to  the  question  of  26^ 
pounds  back  pressure  above  the  atmosphere  producing  a  result  of 
150  tons  when  so  many  cubic  inches  of  gas  had  been  expelled,  I 
must  say  that  this  is  something  that  I  am  not  myself  familiar  with ; 
and  I  do  not  know  from  my  own  knowledge  that  that  is  true. 
But  that  has  been  determined  by  the  De  La  Vergne  Company, 
and  it  is  upon  that  basis  that  they  make  their  contracts.  If  you 
go  to  them  to-morrow  to  buy  a  machine  for  any  given  amount, 
and  you  buy  300-ton,  or  whatever  capacity  of  machine  you  might 
purchase,  they  would  base  the  work  done  at  a  return  pressure 
with  a  volume  giving  26J  pounds  pressure  to  the  square  inch ; 
now  that  is  the  density  with  which  the  cylinder  is  filled.  The 
discharge  pressure  has  nothing  to  do  with  that  and  is  not  taken 
iJito  consideration.  But  it  is  the  return  pressure  coming  back 
that  gives  the  amount  of  the  work  being  done. 

I  am  willing  to  admit  that  this  paper  is  open  to  very  severe 
criticism,  but  I  think  that  it  brings  forth,  so  far  as  my  knowl- 
^8^  goes,  a  question  which  I  have  not  seen  treated,  and  I  am 
^^  hopes  of  bringing  out  from  persons  more  competent  than  I 
^^  a  discussion  of  how  to  measure  and  get  an  accurate  report  of 
^^^  flexible  conditions  of  working  machinery  of  this  character. 
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DCCVIII.* 
CALIBRATION  OF  A   WORTHINOTON  WATER  METER. 

BT  JOHN  ▲.  LAXBD,  8T.  L0CI8,  XO. 

(Member  of  the  Society.) 

It  is  the  intention  of  the  writer  to  give  the  Society  the 
results  of  a  series  of  meter  calibrations  which  extend  over 
more  time  than  any  which  have  been  published  in  the  Transac- 
tions, and  were  as  carefully  taken. 

The  meter  tested  was  a  Worthington  made  entirely  of  brass, 
for  hot  water,  and  bought  for  testing  purposes.  It  was  used  to 
measure  the  feed  water  during  the  two  thirty-day  duty  tests  on 
the  Allis  engines  at  the  Chain  of  Bocks  pumping  station,  St. 
Louis. 

The  general  arrangement  of  meter,  piping,  and  tanks  is  shown 
on  the  accompanying  sketch  (Fig.  60).  Ordinarily  the  water  goes 
from  A  to  Bf  which  is  a  part  of  the  regular  feed  pipe.  "If  we  are 
metering  the  water,  E,  F,  H,  and  £>  are  opened,  and  C,  /,  and  O 
closed.    This  by -passes  the  water  through  the  meter. 

When  a  meter  test  is  to  be  made,  G  is  opened  and  three-way 
i^is  thrown  so  as  to  send  water  to  tanks.  Three-way  e/is  first 
thrown  so  as  to  turn  water  into  tank  No.  1,  i?  is  closed,  and  / 
opened.  Water  in  the  suction  tank  is  brought  to  the  zero 
mark,  the  meter  is  read.  When  tank  No.  1  is  full,  three-way  J 
is  turned,  throwing  water  into  No.  2,  the  auxiliary  feed  pump 
is  started  at  its  regular  speed,  and  the  test  goes  on  for  as  long  a 
period  as  may  be  desired. 

When  closing  test,  the  last  tank  is  run  into  the  suction  tank 
rapidly  enough  to  insure  having  the  water  above  the  zero  mark, 
the  pump  is  run  until  the  water  is  at  the  mark,  when  it  is 
stopped,  and  the  meter  read.  During  the  test  the  thermometer 
at  iT  is  read  every  ten  minutes,  but  not  recorded  unless  the 
change  is  a  full  degree. 

♦Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
I'ranmctionB. 
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holds  the  water  for  about  ten  minates'  run,  in  the  neighborhood 
of  one  thousand  pounds.  Scales  were  read  to  the  nearest 
pound,  and  were  tested  several  times  during  the  sixty  days 
with  United  States  standard  weights. 
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There  is  appended  herewith  a  copy  of  one  of  the  daily  t^sts. 
The   formula  used  to   compute    the   correction  is  — ^  =  C, 

where 

If  =  total  water  weighed  in  pounds. 

w  =  weight  of  one  cubic  foot  of  water  at  observed  tempera- 
ture. 

3f  =  cubic  feet  registered  on  meter. 

The  computed  corrections  are  shown  plotted  on  two  sheets 
herewith.  The  daily  tests  are  denoted  by  small  circles,  the 
twelve-hour  tests  by  two,  and  the  twenty-four-hour  tests  by 
three,  concentric  circles. 

When,  upon  finishing  a  daily  test,  considerable  variation  was 
shown  between  the  computed  correction  and  that  of  the  pre- 
vious day,  a  check  test  was  run  very  carefully,  and  if  the  two 
came  reasonably  close  together,  the  first  was  taken  as  the  cor- 
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Computation  op  Mbter  Esbor. 


Date. 

Cubic  Pk«t 
btMktbr. 

TSXPXRA- 

TUBE  or 
Watib. 

Wkioht  or 
Cubic  Pebt 
AT  Tbx*ube. 

Wbioht  of 
Water  Pass- 

Il|eMXTBB. 

PbrCext. 

CORREO- 
TIOH. 

PbrCekt. 

Ju.    18 

191.4 

86.0» 

68.18 

12,108 

1.016 

+  1.6% 

19 

IW.l 

82.0 

68.81 

8,864 

1.001 

+  0.1 

90 

272.5 

81.8 

68.21 

17,197 

1.014 

+  1.4 

SI 

276.0 

81.6 

68.81 

17,096 

.996 

-0.5 

n 

1016.4 

67.5 

62.83 

68,048 

.969 

-1.1 

23 

»r7.6 

76.8 

62.27 

17,084 

.9W 

-1.6 

u 

299.8 

70.1 

62.81 

18,838 

.964 

-1.67 

» 

276.9 

76.8 

68.26 

17,010 

.967 

-1.8 

« 

282.8 

76.7 

68.26 

17,869 

.966 

-1.4 

27 

961.8 

79.0 

68.84 

16,074 

.986 

-1.2 

S062.8 

70.8 

68.81 

127,244 

.995 

-0.6 

» 

»5:6* 

77;7 



68.26 

""i*8,636**" 

!988" 

'"-*i.*8** 

«.       « 

827.1 

77.2 

62.26 

20,058 

.965 

-1.5 

Feb.     1 

246.5 

88.9 

62.81 

16,089 

.981 

-1.9 

9 

K7.1 

84.8 

68.19 

17,085 

.991 

-0.9 

8 

878.4 

61.8 

62.22 

17,149 

.990 

-1.0 

4 

879.8 

79.4 

68.84 

17,178 

.988 

-IJ 

5 

897.9 

76.4 

68.87 

18,248 

.988 

-1.7 

6 

996.4 

76.4 

62.27 

61,828 

.988 

-IJ 

7 

294.5 

79.1 

62.84 

18,221 

.994 

-1.6 

8 

818.4 

80.8 

68.88 

18,145 

.990 

-1.0 

9 

890.1 

81.6 

68.81 

17.260 

.990 

-1.0 

10 

878.8 

86.0 

68.17 

16.819 

.988 

-1.2 

n 

979.4 

88.7 

68.19 

17.063 

.962 

-1.8 

12 

880.7 

87.8 

62.16 

17.109 

.980 

-8.0 

18 

990.7 

74.6 

68.28 

60,446 

.979 

-2.1 

14 

867.2 

81.8 

68.28 

16,287 

.979 

-2.1 

15 

880.8 

96.8 

68.06 

17,100 

.968 

-1.7 

16 

279.8 

81.6 

68.81 

17,146 

.987 

-1.8 

17 

277.7 

79.8 

68.94 

17,107 

.989 

-  1.1 

»  " 

fh'.s  "* 

88.6 

68!8i**" 

'"i7\m"" 

""i.667'* 

*"  +  6.7*** 

«7 

294.8 

81.6 

68.21 

18.866 

1.002 

+  0.2 

28 

896.6 

84.8 

68.19 

18,866 

1.006 

+  0.6 

29 

569.6 

70.8 

68.81 

85,541 

1.001 

+  0.1 

Mirch  1 

860.4 

re.7 

68.24 

17.868 

.994 

-  0.6 

2 

«78.1 

877.0 

85.0 
88.6 

62.18 
68.19 

17,800 
17.864 

1.000 
1.008 

8 

'  *  +  6.*8 "* 

4 

879.7 

87.0 

68.16 

17,474 

1.006 

+  0.5 

5 

860.7 

98.8 

68.11 

17,625 

1.011 

+  1.1 

6 

1008.6 

77.4 

68.26 

68,877 

1.007 

+  0.7 

7 

809.8 

68.9 

68.19 

19,441 

1.011 

+  1.1 

8 

878.1 

66.5 

62.17 

17,477 

1.011 

+  1.1 

9 

245.8 

87.0 

68.16 

15,118 

.969 

-1.1 

10 

884.6 

91.6 

62.11 

18,119 

1.025 

+  2.5 

11 

288.1 

86.8 

68.18 

18,108 

1.011 

+  1.1 

12 

991.6 

80.2 

68.28 

62,431 

1.012 

+  1.2 

18 

854.7 

88.6 

68.14 

16,118 

1.018 

+  1.8 

14 

569.7 

66.6 

62.16 

87,309 

1.016 

+  1.5 

15 

402.0 

88.6 

62.19 

25,800 

1.012 

+  1.2 

16 

449.8 

81.8 

68.21 

28,821 

1.012 

+  1J5 

17 

996.6 

76.8 

62.27 

68,789 

1.013 

:J:? 

18 

466.8 

».6 

62.20 

28,571 

1.001 

19 

440.4 

84.4 

68.19 

27,466 

1.008 

+  0.8 

20 

668.6 

88.0 

62.20 

34.298 

.998 

-0.2 

21 

448.8 

85.7 

68.17 

27,435 

.998 

-0.2 

29 

410.8 

80.1 

62.23 

25,191 

.987 

-1.3 

28 

481.9 

88.9 

62.20 

26.666 

.998 

-0.7 

24 

498.9 

81.8 

68.21 

26,482 

'          .994 

-0.6 

25 

895.9 

88.8 

62.21 

24.446 

;          .998 

-0.7 

.    26 

1944.0 

T7.1 

62.26 

119,891 

.991 

-0.9 
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Meter  Test  Log. 
Low  Service  Engine  No.  7. 


OO-rrer.  {f^i^f^^y- 


March  10.  1896. 


No. 


Tim*. 


1 
2 
1 
2 
1 
2 

Ave. 


9.26 


TlMP. 


90'' 


GRoes. 
Lbs. 


12.51      92 


1,352 
1,452 
1.870 
1,451 
1,850 
1,449 
1,)J5& 
1,454 
1,852 
1,463 
1,852 
1,451 
1.852 
1,453 
1,852 
1,452 
1,352 
1.452 


Tare. 

Net. 

Lbs. 

Lbs. 

848 

1,004 

447 

1,005 

848 

1,022 

446 

1,005 

848 

1.002 

446 

1,002 

846 

1,010 

446 

1,008 

848 

1.004 

446 

1,017 

848 

1.004 

446 

1,005 

848 

1,004 

446 

1,007 

848 

1.004 

446 

1.006 

348 

1,004 

446 

1.006 

Total.    >    Meter   i 
Lbs.      I  Reading.  I 


RSMARKft. 


8892.8  Cubic  feet. 


4177.4  Cubic  feet. 


T. 


18,119 


284. 6!Cubic  feet. 
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Computation  of  Mbteb  Esbor. 


Date. 

BT  Meter. 

Tempera- 
ture or 
Watib. 

Weiqht  of 
Cubic  Feet 
AT  Texture. 

Wbioht  of 

Water  Pass- 

ii|o  Meter. 

Percent. 
Correc- 
tion. 

Per  Cent. 
Error. 

Jan.    18 

191.4 

85.0» 

62.18 

12,102 

1.016 

+  1.65 

19 

mA 

88.0 

62.21 

8,8M 

1.001 

+  0.1 

20 

278.5 

81.8 

62.21 

17,197 

1.014 

+  1.4 

21 

S78.0 

81.5 

62.21 

17,096 

.995 

-0.5 

22 

1016.4 

67.5 

62.83 

62.048 

.989 

-1.1 

88 

277.6 

76.8 

62.27 

17,024 

.984 

-1.6 

U 

299.3 

70.1 

62.31 

18,838 

.984 

-1.67 

25 

276.9 

76.8 

62.26 

17,010 

.987 

-1.8 

26 

282.8 

76.7 

62.26 

17,850 

.966 

-1.4 

27 

261.8 

79.0 

62.24 

16,074 

.988 

-1.2 

28 
28 

2052.8 

TO.2 

62.31 

127,244 

.995 

-0.6 

80 

m.h" 

77!7 

«2*.25**" 

"*"l*8*,686"" 

.'.t-<2 

'"-'i;8'** 

«        81 

337,1 

77.2 

62.26 

20,052 

.l^H'i 

-1.5 

Ftob.     1 

246.b 

82.2 

62.21 

15,089 

/i^l 

-  1.9 

0 

2t7A 

84.2 

62.19 

17,085 

,S#H1 

-0.9 

8 

37^.4 

61.8 

62.22 

17,149 

.990 

-1.0 

4 

an*.  3 

79.4 

62.24 

17,178 

,a«8 

-1.8 

5 

sy^,» 

76.4 

62.27 

18,248 

.BMS 

-1.7 

8 

99fi.4 

76.4 

62.27 

61,822 

.BS8 

-1.2 

7 

9^.3 

79.1 

62.24 

18,221 

,WM 

-1.6 

8 

sna.i 

80.2 

62.28 

18,146 

.990 

-1.0 

2 

2R0.1 

81.6 

62.21 

17.260 

Am 

-1.0 

10 

273,8 

86.0 

62.17 

16.819 

.9f^ 

-1.2 

11 

279  4 

88.7 

62.19 

17,063 

'\R^l 

-1.8 

12 

280.7 

87.8 

62.16 

17,109 

.'JiyO 

-2.0 

18 

9ya.7 

74.6 

62.28 

60,446 

.979 

-2.1 

14 

*M7l 

81.2 

62.22 

16,287 

.979 

-2.1 

15 

380. ;i 

96.8 

62.06 

17,100 

.963 

-1.7 

16 

5279,3 

81.6 

62.21 

17,146 

.987 

-1.8 

17 

tJT7  T 

79.2 

62.94 

17,107 

.089 

-1.1 

26" 

tn'.k" 

82.6 

62!2i'"" 

'**  iV.ow"" 

""i'.wr"' 

***  +  6.7"* 

27 

294.8 

81.6 

62.21 

18,368 

1.002 

+  0.2 

28 

298.6 

84.2 

62.19 

18,866 

1.006 

+  0.6 

w         » 

569.6 

70.8 

62.31 

85,541 

1.001 

+  0.1 

Mitch  1 

280.4 

re.7 

62.24 

17.883 

.994 

-  0.6 

2 

278.1 
277.0 

86.0 
88.6 

02.18 
62.19 

17,300 
17,284 

1.000 
1.008 

8 

"  '+*d.*8** 

4 

279.7 

87.0 

62.16 

17,474 

1.005 

+  0.5 

5 

280.7 

92.8 

62.11 

17.625 

1.011 

+  1.1 

6 

1002.6 

77.4 

62.26 

62,877 

1.007 

+  0.7 

7 

800.2 

88.9 

62.19 

19,441 

1.011 

+  1.1 

8 

278.1 

86.5 

62.17 

17,477 

1.011 

+  1.1 

9 

245.8 

87.0 

62.16 

15.118 

.989 

-  1.1 

10 

284.6 

91.6 

62.11 

18,119 

1.025 

+  2.5 

11 

288.1 

85.8 

62.18 

18,108 

1.011 

+  1.1 

12 

991.6 

80.2 

62.28 

62,431 

1.012 

+  1.2 

18 

254.7 

88.6 

02.14 

16,118 

1.018 

+  1.8 

14 

5ffi>.7 

86.6 

62.16 

87,209 

1.015 

+  1.5 

15 

403.0 

88.6 

62.19 

25,800 

1.012 

+  1.2 

16 

14^.8 

81.8 

62.21 

28,321 

1.012 

+  1.2 

17 

9?  16. 6 

76.8 

62.27 

62,780 

1.013 

+  1.8 

18 

468,8 

82.5 

63.20 

28.5n 

1.001 

+  0.1 

19 

440.4 

84.4 

62.19 

27,466 

1.008 

+  0.8 

20 

5S3.i} 

88.0 

62.20 

34.298 

.998 

-0.2 

21 

4tt  iJ 

85.7 

62.17 

27,4.36 

.998 

-0.2 

22 

410.^ 

80.1 

62.23 

25,191 

.987 

-1.3 

28 

481.9 

82.9 

62.90 

26.666 

.993 

-0.7 

24 

'          428.9 

81.8 

62.21 

26,432 

.994 

-0.6 

25 

895.9 

82.2 

62.21 

24,446 

.998 

-0.7 

.    26 

1M4.0 

77.1 

62.26 

119,891 

.991 

-0.9 
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DISCUSSION. 

Mr.  John  Thoiruon. — If  the  author  of  this  paper  had  strictly 
confined  himself  to  carrying  out  the  programme  specified  in  the 
opening  clause,  namely,  "to  give  the  Society  results,"  there 
would  have  been  less  room  for  adverse  criticism ;  but  as  he  has 
drawn  a  conclusion  not  warranted  by  the  data  presented,  it  may 
be  well  to  point  out  a  few  of  the  discrepancies. 

Fi/rst  The  size  of  the  meter  is  not  stated. 

Second.  The  maximum  rate  of  discharge  is  not  stated,  except 
inferentially  at  top  of  page  136,  where  it  appears  that  1,000  pounds 
of  water  is  run  in  "  about  ten  minutes  "  ;  this  being  equal  to,  say, 
1.6  cubic  feet  a  minute.  For  a  |-inch  Worthington  meter  this 
would  be  rather  a  high  rate  for  close  work ;  for  a  |-inch  it  would 
be  about  right,  but  for  a  1-inch  rather  low. 

Third.  It  does  not  appear  at  what  rate  the  meter  was  operated 
when  in  actual  use,  except  that  from  the  table  on  page  138  it  is 
stated  that  284.6  cubic  feet  were  run  in  three  hours  and  twenty- 
five  minutes,  or  equalling  an  average  rate  of  1.38  cubic  feet  a 
minute. 

Fourth.  Nor  is  it  stated  whether  the  meter  was  tested  for 
accuracy  at  diflferent  rates  of  delivery. 

Fifth.  Neither  does  it  appear  that  the  meter  on  duty  was  liable 
to  operate  under  a  wide  range  in  rate  of  delivery. 

The  omission  of  these  elements  would  preclude  any  one  from  du- 
plicating the  conditions  of  this  test  in  the  hope  of  duplicating  the 
results.  To  correct  this  the  size  of  the  meter  ought  to  be  given ; 
as  also  its  rate  of  delivery  and  its  extreme  variations,  high  and 
low,  in  rate,  cubic  feet  per  minute. 

What  was  the  object,  may  I  ask,  of  letting  the  air  out  of  the 
meter  "  at  least  every  eight  hours  "  ?    Was  it  also  lubricated  ? 

I  quite  agree  with  the  author  in  his  closing  words,  "  that  by 
careful  calibration  results  could  be  obtained  with  the  Worthington 
meter  which  would  not  be  more  than  one-half  of  one  per  cent,  in 
error"  ;  and  to  this  I  add  that  the  same  result  can  be  obtained 
from  at  least  a  dozen  other  meters  if  by  "careful  calibration  "  it 
is  meant  that  the  meter  is  to  be  run  at  a  fairly  uniform  rate  of 
delivery,  with,  as  in  this  case,  filtered  water  and  even  omitting 
the  pneumatic  relief.  But  I  infer  that  this  opinion  is  based  upon 
the  average  of  the  percentage  of  error  of  the  several  tests  as 
recorded  in  the  table  on  page  139,  by  which  the  fifty-nine  observa- 
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tioDs  indicate  a  registration  by  the  meter  of  100.4  per  cent.  To 
the  well-worn  truism  that  averages  are  deceitful,  deceiving,  and 
altogether  uncertain  this  table  aforesaid  is  added  testimony. 
Thus,  in  a  total  of  thirty-six  indications  (marked  minus  on  the 
table,  to  which  reference  will  be  made  later)  the  average  quantity 
indicated  by  the  meter  is  101.2  per  cent  Again,  in  a  total  of  but 
twenty-three  "plus"  indications,  the  average  is  99.0  per  cent. 
Now  nearly  all  of  the  minus  and  plus  records  were  in  sequence ; 
hence  if  one  observer  had  happened  to  use  the  meter  in,  say,  Feb- 
ruary, it  would  have  been  over  one  per  cent,  plus;  if  another 
observer  had  employed  it  in  March,  it  would  have  about  one  per 
cent,  minus;  difference^  this  time,  over  two  per  cent.  As  a  matter 
of  fact,  between  the  observations  of  February  14  and  March  10 
the  difference  is  4.6  per  cent. 

Judging  from  these  considerable  fluctuations  in  the  record,  it  is 
my  opinion  that  the  author  of  this  paper  is  not  justified  in  the  con- 
clusion which  he  applies  as  to  the  accuracy  of  the  particular  meter 
tested;  and  if  he  is  to  repeat  such  a  test,  with  the  same  outfit 
illustrated,  I  would  recommend  him  to  provide  a  very  ample  air 
chamber  to  his  feed  pump  and  see  to  it  that  the  air  is  left  in  it ; 
as  under  conditions  of  greater  constancy  of  pressure,  analogous  to 
that  of  a  gramty  supply,  I  believe  his  meter  will  perform  more 
uniformly  than  is  here  recorded,  if  the  rate  of  delivery  is  fairly 
uniform  and  favorable  to  the  meter. 

I  call  attention  to  errors  in  placing  the  plus  and  minus  signs  in 
table,  page  139 ;  in  every  case  they  shoujd  be  reversed.  Two 
instances  will  suffice  by  way  of  proof.  Thus,  at  the  head  of  the 
table,  191.4  x  62.18  =  11,901.25  pounds  of  water  registered  by  the 
meter,  while  the  quantity  of  water  weighed  is  12,102;  hence, 
12,102  -  11,901.25  =  100.75  pounds  less  by  the  meter  than  by  the 
reference  of  accuracy.  Consequently  the  meter  indicates  minus, 
and  not  plus  as  printed.  Again,  in  the  observation  of  January 
30tb,  295  X  62.25  =  18,363.75  pounds  by  the  register  of  meter  to 
18,036  pounds  by  the  reference  of  value.  Hence,  18,363.75  — 
18,036  =  327.75  pounds  more  by  meter  than  by  tank ;  the  meter 
being  plus,  not  minus.  This  error,  by  the  way,  is  so  common 
among  water- works  superintendents  that  I  presumed  to  point  it 
out  in  a  paper  presented  to  the^Xew  England  Water  Works  Asso- 
ciation,* and  to  then  observe  as  I  do  now  that  all  such  uncertain- 

*  "  Uniformity  of  Methods  In  Testing  Water  Meters,"  Journal  of  New  Eng- 
^<^  Water  Works  Assodation,  vol.  x..  No.  2,  December,  1895. 
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ties  would  be  done  away  with  if,  instead  of  recording  the  error 
plus  or  minus,  such  columns  be  marked  "  Quantity  in  Percentage 
Indicated  by  Meter "  and  the  tally  be  made  accordingly.  In 
this  wise  the  aforesaid  observations  of  January  18  and  30  would  be 
correctly  recorded,  respectively  as  98.4  and  101.8  per  cent. 

In  closing,  I  also  presume  to  observe  that  in  the  present  state 
of  the  art  with  respect  to  water  meters  and  platform  scales  it  is 
simply  a  waste  of  time  and  effort  to  take  account  of  variations  of 
less  than  10  degrees  in  temperature  whereby  to  carry  out  dif- 
ferences in  weight  of  water,  so  found,  in  that  such  refinements  are 
microscopic  as  compared  to  the  probable  error  of  the  apparatus 
itself.  Thus  the  change  in  volume  due  to  the  entire  range  in  tem- 
perature, about  25  degrees,  applied  to  the  total  quantity,  about 
25,000  cubic  feet,  would  make  an  error  of  but  approximately  one- 
third  of  one  per  cent.  And  yet  the  degrees  are  recorded  in  tenth 
parts  of  one.  To  search  for  "  the  last  place  of  decimals  "  in  the 
calibration  of  a  commercial  water  meter  is  not  even  worthy  of 
commendation  for  the  intention. 

Mr,  John  A.  Laird.* — I  am  very  much  obliged  to  Mr.  Thom- 
son for  calling  attention  to  certain  data  required  to  carry  out 
original  programme. 

First    The  meter  was  a  IJ-inch  Worthington. 

Second.  There  was  practically  no  maximum  discharge.  It  was 
running  at  almost  a  uniform  rate,  as  the  tables  below  will  show : 


Date. 


Total  water  through 
meter,  cubic  feet. 


Jan.  18 998  (12  hours) 


Feb. 


, 2,042 

1,977 

2.048 

2,040 

2,056 

2,057 

2,071 

2,098 

27 2,061 

28 2,041 

29 2,070 

30 2,074 

81 2,049 

1 2.049 

2 2,050 


19. 

20. 

21 

22. 

23. 

24. 

25. 

26. 


Date. 

Feb.    3. 

4 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


Total  water  throoffh 
meter,  cable  feet. 


2,022 
2,019 
2,018 
2,000 
1,998 
2,012 
2,004 
2,025 
2,018 
2.026 


13 2,011 

14 1,929 

15 1,907 

16 1,926 

17 954(12hour8) 

\ 


*  Aatbor*8  closure,  under  the  Rules. 
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And  on  the  second  engine  test : 

Total  watw  throngh 
Dite.  meter,  cubic  feet. 

Feb.26 l.OOSaahours) 

27 2,040 

28 2,048 

2« 2,022 

Uu.  1 1.9«4 

2 1,962 

3 1,956 

4 1,948 

5 1,961 

6 1,998 

7 1,984 

8 1,945 

9 1,981 

10 1.965 

U 1,985  (24  hours) 

12 2,008 


Total  water  through 
Date.  meter,  cubic  feet. 

Biar.l8 ..    .  1,999 

14 2,043 

15 1,955 

16 1,934 

1? 2,031 

18 2,067 

19 2,054 

20 2.027 

21 2,055 

22 2,047 

23 2,127 

24 2,044 

25 1,988 

26 1.957 

27 991(12hour8) 


The  speed  of  the  auxiliary  feed  pump  was  always  regulated  so 
as  to  take  the  water  just  as  fast  ^as  it  came  from  the  attached  feed  . 
pomp. 

By  taking  any  single  quantity  in  the  above  table  and  dividing 
by  1,440  you  will  get  very  near  the  1.38  cubic  feet  per  minute 
which  Mr.  Thomson  JSgures  from  a  sample  of  daily  tests,  the 
maximum  rate  being  1.47  and  the  minimum  1.33. 

It  looks  very  much  as  though  he  is  mistaken  as  to  the  intention 
of  the  work  at  hand.  We  were  not  testing  the  meter ;  we  were 
testing  the  pumping  engine  and  only  calibrating  the  meter.  It 
is  not  at  all  probable  that  a  feed- water  meter  on  a  pumping  engine 
duty  test  would  be  called  upon  to  '*  operate  under  a  wide  range  in 
rate  of  deUvery." 

Trying  the  meter  for  air  in  body,  once  a  watch,  was  a  refine- 
ment which  certainly  did  no  harm  and  may  have  done  some  good. 

There  was  a  very  ample  air-chamber  provided  on  the  feed  pipe, 
and  fitted  with  a  glass  water  gauge. 

I  am  very  glad  that  Mr.  Thomson  agrees  with  the  conclusion 
as  to  results  obtainable  with  Worthington  meters,  and  will  agree 
^ith  him  that  "there  are  others."  But  the  inference  that  the 
conclusion  was  reached  by  averaging  all  the  results  is  entirely 
erroneous,  and  his  worn-out  truism  does  not  happen  to  fit. 

He  has  jumped  at  another  conclusion  when  he  takes  it  for 
granted  that  one  observer  obtained  all  the  plus  corrections  and 
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another  all  the  minus.  As  a  matter  of  fact  there  were  three 
observers,  who  were  changed  each  week.  The  first  week  the 
meter  was  calibrated  by  Mr.  Hoffman,  the  second  week  by  Mr. 
Bentley,  the  third  week  by  Mr.  Baker  and  the  fourth  by  Mr. 
Hoffman.    And  so  in  rotation. 

Eegarding  the  so-called  error  in  signs,  it  is  quite  probable  that 
the  manner  of  designating  suggested  by  Mr.  Thomson  would  be 
better,  but  the  one  used  is  the  common  method. 
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The  diagonal  members  consist  of  angle  irons  riveted  to  wing 
plates  secured  to  the  trasses  and  floor  beams,  these  wing  plates 
being  bent  to  conform  to  the  angles  of  the  floor  system  and  the 
trusses. 

To  prevent  any  cross  strains  of  the  struts  resulting  from  the 
lire  load  (the  weight  of  the  stringers  and  trolley),  it  is  taken 
directly  from  the  stringer  suspenders  up  to  the  top  of  the  posts 
of  the  main  trusses  by  means  of  diagonal  suspender  angles. 
These  angles  also  form  posts  for  the  attachment  of  a  line  of 
hand-railing. 

Besting  on  top  of  the  floor  beams  are  two  lines  of  channel 
irons  parallel  to  the  main  trusses..  These  channel  irons  form 
stringers  for  the  foot  walk,  which  extends  the  full  length  of  the 
crane.  The  walk  is  made  of  two  thicknesses  pine  plank  with 
tar-paper  between.  The  floor  beams  also  carry  the  pillow 
blocks  for  the  main  shafting.  At  the  ends  of  the  crane,  and  in 
the  plane  of  the  trusses,  are  carried  down  riveted  legs  or  sup- 
ports of  the  box  form.  These  legs  are  firmly  braced  to  the  bot- 
tom chords  of  the  main  trusses  with  large  plate-iron  brackets, 
well  stiffened  with  angle-iron  flanges.  The  legs  are  also  braced 
to  each  other  crosswise  of  the  crane,  with  a  system  of  horizontal 
and  diagonal  braces,  with  a  stiff  tie-beam  at  the  foot  of  the  legs. 

The  width  from  centre  to  centre  of  the  trucks  supporting  the 
crane  is  forty-three  feet  nine  and  three-quarter  inches,  forming 
a  wheel  base  for  the  crane  of  a  little  more  than  one-fifth  of  the 
span,  which  is  sufficient  to  square  the  crane  on  the  tracks. 

The  end  frames  are  formed  of  plates  and  angles,  arranged  so 
as  to  present  a  smooth  end  surface,  the  comers  of  the  openings 
being  filled  in  with  curves  of  large  radii. 

The  top  chords  are  made  of  two  channel  irons  with  a  cover 
plate  on  top,  and  latticing  on  the  bottom.  The  bottom  chords 
are  made  of  two  channel  irons,  latticed  on  top  and  bottom,  so 
as  to  afford  no  room  for  lodgment  of  moisture ;  this  point 
being  carefully  kept  in  view  throughout  the  construction. 

The  vertical  posts  of  the  trusses  each  consist  of  four  angle 
irons  latticed  together.  The  diagonal  members  of  the  trusses 
are  each  formed  of  two  angle  irons  riveted  at  their  intersection. 
Particular  care  was  paid  to  the  connections  of  all  members. 

The  loads  and  strains  adopted  for  this  crane  were  as  follows : 
A  live  load  for  trolley  equal  to  20,000  pounds.  To  this  was 
added,  for  impact,  25  per  cent.,  or  5,000  pounds.    The  weight  of 
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half  plan  of  bottom  chord 
Fig.  54. 
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The  diagonal  members  consist  of  angle  irons  riveted  to  wing 
plates  secured  to  the  trasses  and  floor  beams,  these  wing  plates 
being  bent  to  conform  to  the  angles  of  the  floor  system  and  the 
trusses. 

To  prevent  any  cross  strains  of  the  struts  resulting  from  the 
liTe  load  (the  weight  of  the  stringers  and  trolley),  it  is  taken 
directly  from  the  stringer  suspenders  up  to  the  top  of  the  posts 
of  the  main  trusses  by  means  of  diagonal  suspender  angles. 
These  angles  also  form  posts  for  the  attachment  of  a  line  of 
baud-railing. 

Besting  on  top  of  the  floor  beams  are  two  lines  of  channel 
irons  parallel  to  the  main  trusses..  These  channel  irons  form 
stringers  for  the  foot  walk,  which  extends  the  full  length  of  the 
crane.  The  walk  is  made  of  two  thicknesses  pine  plank  with 
tar-paper  between.  The  floor  beams  also  carry  the  pillow 
blocks  for  the  main  shafting.  At  the  ends  of  the  crane,  and  in 
the  plane  of  the  trusses,  are  carried  down  riveted  legs  or  sup- 
ports of  the  box  form.  These  legs  are  firmly  braced  to  the  bot- 
tom chords  of  the  main  trusses  with  large  plate-iron  brackets, 
well  stiffened  with  angle-iron  flanges.  The  legs  are  also  braced 
to  each  other  crosswise  of  the  crane,  with  a  system  of  horizontal 
and  diagonal  braces,  with  a  stiff  tie-beam  at  the  foot  of  the  legs. 

The  width  from  centre  to  centre  of  the  trucks  supporting  the 
crane  is  forty-three  feet  nine  and  three-quarter  inches,  forming 
a  wheel  base  for  the  crane  of  a  little  more  than  one-fifth  of  the 
span,  which  is  sufficient  to  square  the  crane  on  the  tracks. 

The  end  frames  are  formed  of  plates  and  angles,  arranged  so 
as  to  present  a  smooth  end  surface,  the  comers  of  the  openings 
being  filled  in  with  curves  of  large  radii. 

The  top  chords  are  made  of  two  channel  irons  with  a  cover 
plate  on  top,  and  latticing  on  the  bottom.  The  bottom  chords 
are  made  of  two  channel  irons,  latticed  on  top  and  bottom,  so 
as  to  afford  no  room  for  lodgment  of  moisture ;  this  point 
being  carefully  kept  in  view  throughout  the  construction. 

The  vertical  posts  of  the  trusses  each  consist  of  four  angle 
irons  latticed  together.  The  diagonal  members  of  the  trusses 
are  each  formed  of  two  angle  irons  riveted  at  their  intersection. 
Particular  care  was  paid  to  the  connections  of  all  members. 

The  loads  and  strains  adopted  for  this  crane  were  as  follows : 
A  Uve  load  for  trolley  equal  to  20,000  pounds.  To  this  was 
added,  for  impact,  25  per  cent.,  or  5,000  pounds.    The  weight  of 
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the  trolley  was  estimated  at  23,000  pounds — making  a  total  of 
48,000  pounds  distributed  on  four  wheels,  spaced  about  nine 
feet  centres,  bringing  a  reaction  upon  each  stringer  support  of 
18.000  pounds. 

To  still  further  provide  for  any  sudden  application  of  a  live 
load,  it  was  assumed  to  be  equal  to  22;000  pounds  applied  at 
any  panel  point  of  bottom  chord  of  each  truss. 

This  is  largely  in  excess  of  any  load  that  will  come  upon  the 
crane ;  but  it  was  considered  advisable  to  use  it,  in  view  of 
the  fact  that  the  load  might  catch,  thereby  bringing  a  greatly 
increased  weight  upon  the  trolley. 

The  dead  load,  weight  of  trusses  and  floor,  was  assumed 
at  88,000  pounds  per  truss,  or  8,000  at  every  point  of  bottom 
chord  of  each  truss. 

In  order  to  provide  for  a  very  large  factor  of  safety  in  the 
bottom  lateral  system,  a  wind  pressure  of  twenty  pounds  per 
square  foot  was  assumed,  or  a  load  of  5,000  pounds  at  each  panel 
point  of  bottom  chord.  To  resist  these  combined  loads,  the  fol- 
lowing limitations  of  strains  were  adopted : 

For  live  loads.     Tension 12,000  lbs.  per  sq.  in.  of  net  section. 

Shear 6,000  "  *'     "     **     *'     •"       '* 

Compression.  10,000  **  of  gross  section. 

Bearing  on  rivets  and  bolts. . .  12,000  "  per  sq.  in. 

For  dead  load.     Tension 15,000  "  **     **     *'   of  net  section. 

Shearing 10,000  '  **     *'     "     '*     "       *' 

Compression.  12,000  "  "     "     **     "  gross  section. 

Bearings  on  rivets  and  bolts. .  15,000  *'  **    **     *' 

In  all  the  compression  members  a  proper  reduction  of  the 
strains  was  made  in  all  long  members,  so  as  to  insure  the  same 
general  factor  of  safety  throughout,  and  the  strains  in  the  bot- 
tom lateral  system  were  still  further  reduced  to  10,000  pounds 
per  square  inch  in  tension  and  8,000  pounds  per  square  inch  in 
compression.  All  of  these  strains  are  largely  in  excess  of 
what  the  writer  would  recommend  for  an  ordinary  crane  con- 
struction ;  but  the  ratio  of  dead  load  to  live  load  is  so  great  that 
it  was  necessary  to  observe  the  greatest  possible  economy  of 
material  to  avoid  the  crane  being  so  heavy  that  it  would  be 
impracticable. 

The  truss  members  were  not  all  proportioned  to  comply 
exactly  with  the  areas  that  the  above  limitations  of  strains 
called  for.     They  were  never  made  of  less  sections,  and  in  sev- 
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the  trolley  was  estimated  at  23,000  pounds — making  a  total  of 
48,000  pounds  distributed  on  four  wheels,  spaced  about  nine 
feet  centres,  bringing  a  reaction  upon  each  stringer  support  of 
18,000  pounds. 

To  still  further  provide  for  any  sudden  application  of  a  live 
load,  it  was  assumed  to  be  equal  to  22;000  pounds  applied  at 
any  panel  point  of  bottom  chord  of  each  truss. 

This  is  largely  in  excess  of  any  load  that  will  come  upon  the 
crane ;  but  it  was  considered  advisable  to  use  it,  in  view  of 
the  fact  that  the  load  might  catch,  thereby  bringing  a  greatly 
increased  weight  upon  the  trolley. 

The  dead  load,  weight  of.  trusses  and  floor,  was  assumed 
at  88,000  pounds  per  truss,  or  8,000  at  every  point  of  bottom 
chord  of  each  truss. 

In  order  to  provide  for  a  very  large  factor  of  safety  in  the 
bottom  lateral  system,  a  wind  pressure  of  twenty  pounds  per 
square  foot  was  assumed,  or  a  load  of  5,000  pounds  at  each  panel 
point  of  bottom  chord.  To  resist  these  combined  loads,  the  fol- 
lowing limitations  of  strains  were  adopted : 

For  live  loads.     Tension 12,000  lbs.  per  sq.  in.  of  net  section. 

Shear 6,000  **  '*     "     '*     "     •*       '* 

Compression.  10,000  *'  of  gross  section. 

Bearing  on  rivets  and  bolts. . .  12.000  ''  per  sq.  in. 

For  dead  load.     Tension 15,000  **  '*     **     **   of  net  section. 

Shearing 10,000  *  *'     '*     "     "     " 

Compression.  12,000  "  *'     **     "     **  gross  section. 

Bearings  on  rivets  and  bolts. .  15,000  **  **    "     ** 

In  all  the  compression  members  a  proper  reduction  of  the 
strains  was  made  in  all  long  members,  so  as  to  insure  the  same 
general  factor  of  safety  throughout,  and  the  strains  in  the  bot- 
tom lateral  system  were  still  further  reduced  to  10,000  pounds 
per  square  inch  in  tension  and  8,000  pounds  per  square  inch  in 
compression.  All  of  these  strains  are  largely  in  excess  of 
what  the  writer  would  recommend  for  an  ordinary  crane  con- 
struction ;  but  the  ratio  of  dead  load  to  live  load  is  so  great  that 
it  was  necessary  to  observe  the  greatest  possible  economy  of 
material  to  avoid  the  crane  being  so  heavy  that  it  would  be 
impracticable. 

The  truss  members  were  not  all  proportioned  to  comply 
exactly  with  the  areas  that  the  above  limitations  of  strains 
called  for.     They  were  never  miide  of  less  sections,  and  in  sev- 
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eral  cases  the  section  was  increased  in  order  to  obtain  the 
necessary  stiffness.  This  will  account  for  the  seemingly  largely 
increased  area  of  some  of  the  members  over  that  required  by 
theory. 

The  minimum  speeds  of  the  various  motions  of  the  crane  are 
as  follows  : 

Traverse  of  main  bridge   200  feet  per  minute. 

trolley 400 

Hoist  with  full  load 20 

The  crane  rests  upon  four  trucks ;  each  haying  four  steel- 
tired  double-flange  wheels,  twenty-four  inches  in  diameter^ 
The  wheels  are  keyed  to  steel  axles,  five  inches  in  diameter. 
The  gauge  of  the  track  is  three  feet  six  inches  centres  of  rails. 
The  journals  are  five  inches  in  diameter,  seven  inches  long, 
fitted  with  bronze  bearings  carried  in  cast-steel  oil-boxes,  with 
ample  provision  for  lubrication.  The  wheels  on  one  truck  at 
each  end  are  connected  by  means  of  a  system  of  shafts  and 
bevelled  gear  wheels.  The  gear  wheels  are  steel  castings,  and 
are  of  extra  heavy  design  throughout.  The  shafting  from  one 
truck  to  the  other  is  four  inches  in  diameter.  The  couplings 
are  all  rigid  flanged  couplings,  tightly  keyed  to  the  shafts,  and 
fitted  with  turned  bolts  of  a  tight  driving  fit.  The  main  shaft, 
extending  the  length  of  the  crane,  is  carried  in  universal  bear- 
ing pillow  blocks  of  very  heavy  design.  These  pillow  blocks  are 
bolted  to  the  cross  beams  of  the  floor  system,  with  packing 
pieces  between  them  and  the  beams,  and  are  lined  up  perfectly 
true  and  leveL  The  thickness  of  the  packing  pieces  varies  to 
suit  the  requirements  of  each  individual  pillow  block. 

The  end  bearings,  where  the  main  shaft  is  geared  to  the 
diagonal  shafts  that  connect  it  to  the  trucks  at  each  end,  are 
carried  by  compound  boxes,  so  that  it  is  impossible  for  the 
main  and  angular  shafts  to  get  out  of  line. 

Si>ecial  care  has  been  taken  with  all  the  bearings  to  provide 
ample  facilities  not  only  for  the  lubrication,  but  for  the  inspec- 
tion and  removal  of  any  part.  For  most  of  the  bearings  com- 
pression grease-cups  have  been  supplied,  in  addition  to  the  usual 
lubricating-holes  and  reservoirs. 

The  top  of  each  truck  carries  a  steel  socket  or  cup,  and  in 
this  socket  is  placed  a  hard  steel  ball,  six  inches  in  diameter. 

The    bottom    of   the  end   supports  are   also   provided   with 
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eral  cases  the  section  was  increased  in  order  to  obtain  the 
necessary  stiffness.  This  will  account  for  the  seemingly  largely 
increased  area  of  some  of  the  members  over  that  required  by 
theory. 

The  minimum  speeds  of  the  various  motions  of  the  crane  are 
as  follows : 

Traverse  of  main  bridge   200  feet  per  minute. 

trolley 400 

Hoist  with  full  load 20 

The  crane  rests  upon  four  trucks ;  each  having  four  steel- 
tired  double-flange  wheels,  twenty-four  inches  in  diameter^ 
The  wheels  are  keyed  to  steel  axles,  five  inches  in  diameter. 
The  gauge  of  the  track  is  three  feet  six  inches  centres  of  rails. 
The  journals  are  five  inches  in  diameter,  seven  inches  long, 
fitted  with  bronze  bearings  carried  in  cast-steel  oil-boxes,  with 
ample  provision  for  lubrication.  The  wheels  on  one  truck  at 
each  end  are  connected  by  means  of  a  system  of  shafts  and 
bevelled  gear  wheels.  The  gear  wheels  are  steel  castings,  and 
are  of  extra  heavy  design  throughout.  The  shafting  from  one 
truck  to  the  other  is  four  inches  in  diameter.  The  couplings 
are  all  rigid  flanged  couplings,  tightly  keyed  to  the  shafts,  and 
fitted  with  turned  bolts  of  a  tight  driving  fii  The  main  shaft, 
extending  the  length  of  the  crane,  is  carried  in  imiversal  bear- 
ing pillow  blocks  of  very  heavy  design.  These  pillow  blocks  are 
bolted  to  the  cross  beams  of  the  floor  system,  with  packing 
pieces  between  them  and  the  beams,  and  are  lined  up  perfectly 
true  and  leveL  The  thickness  of  the  packing  pieces  varies  to 
suit  the  requirements  of  each  individual  pillow  block. 

The  end  bearings,  where  the  main  shaft  is  geared  to  the 
diagonal  shafts  that  connect  it  to  the  trucks  at  each  end,  are 
carried  by  compound  boxes,  so  that  it  is  impossible  for  the 
main  and  angular  shafts  to  get  out  of  line. 

Special  care  has  been  taken  with  all  the  bearings  to  provide 
ample  facilities  not  only  for  the  lubrication,  but  for  the  inspec- 
tion and  removal  of  any  part.  For  most  of  the  bearings  com- 
pression grease-cups  have  been  supplied,  in  addition  to  the  usual 
lubricating-holes  and  reservoirs. 

The  top  of  each  truck  carries  a  steel  socket  or  cup,  and  in 
this  socket  is  placed  a  hard  steel  ball,  six  inches  in  diameter. 

The    bottom    of   the  end    supports  are   also   provided   with 
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corresponding  cupped  socketa  The  ball  rests  in  a  slightly 
elongated  groove ;  the  major  diameter  of  the  groove  being 
crosswise  to  the  centre  line  of  the  truck,  and  the  minor  diam- 
eter being  parallel  to  the  track  on  which  the  truck  rests.    By 


ntD  view.  LooKma  ntoti  "a' 
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means  of  this  elongation  of  the  groove,  the  ball  is  allowed 
a  slight  motion  at  right  angles  to  the  centre  line  of  the  track  on 
which  the  truck  travels,  and  this  permits  of  the  expansion  and 
contraction  of  the  main  girders  of  the  crane.  It  also  allows  the 
trucks  upon  which  the  crane  travels  to  be  slightly  out  of  align- 
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ment,  as  the  balls  form  aniversal  joints  between  the  trucks  and 
the  crane. 

The  arrangement  of  the  gearing  connecting  the  driving  shafts 
to  the  trucks  is  such  that  the  vibrations  of  the  trucks  around 
the  centres  of  the  balls  do  not  disturb  the  alignment  of  the 
gearing  to  an  appreciable  amount,  as  the  centres  of  the  main 
driving  spur  wheels  are  on  the  same  lines  as  the  centres  of  the 
balls. 

Directly  in  the  centre  of  the  crane  is  placed  a  fifty  horse- 
power electric  motor,  connected  directly  to  the  main  shaft  with 
one  reduction  of  steel  gearing. 

The  trolley  which  travels  upon  the  suspended  runway 
beneath  the  main  chord  is  of  the  ordinary  crane  type,  with  the 
exception  that  the  gearing  throughout  is  of  extra  heavy  design, 
and  of  either  steel  or  bronze  castings. 

The  winding-drum  is  of  cast  iron,  with  right  and  left  hand 
grooves  for  the  chain,  milled  out  of  solid  metal. 

The  traversing  of  the  trolley  upon  the  track  and  the  hoisting 
is  done  by  two  twenty-five  horse-power  electric  motors.  All  the 
motors  are  wound  for  220  volts. 

The  operator's  cage  is  attached  to,  and  moves  with,  the 
trolley.  It  is  provided  with  windows  on  all  sides,  so  that  the 
operator  can  have  a  clear  view  of  any  part  of  the  yard.  In  the 
cage  are  placed  the  controllers  which  govern  all  the  motions  of 
the  crane,  and  the  necessary  switches,  cut-outs,  etc.  Over  all 
the  gearing  is  placed  coverings  or  housings  that  are  readily 
removable,  the  coverings  being  arranged  to  exclude  all  mois- 
ture or  dust.    The  motors  are  also  encased. 

Attached  to  each  truck  are  two  snow-ploughs,  or  guards,  made 
of  plate  stiffened  with  angle  irons.  These  snow-ploughs  are 
easily  removable,  so  that  access  can  be  had  to  any  part  of  the 
trucks. 

The  end  frames  are  so  arranged  that  should  it  be  desired  to 
transfer  a  load  from  one  side  of  the  yard  to  the  other,  both 
cranes  can  be  brought  in  line  with  each  other  by  means  of 
removable  stops  on  the  trucks,  and  the  trolley  from  either  crane 
run  directly  through  the  end  supports  and  on  to  the  track  on  the 
other  crane. 
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pied  by  the  loading  or  unloading  tracks  is  here  occupied  by  the 
crane. 

With  such  a  crane,  there  is  less  dead  weight  to  be  moved  for 
each  operation,  and  with  two  machines  not  costing  more  than  one 
gantry  there  is  an  advantage  that  more  work  may  be  done  with- 
out additional  expense  of  attendants. 

The  use  of  the  locomotive  crane  here  is  a  suggestion  and  a 
matter  of  information  for  those  who  are  not  familiar  with  this 
type  of  crane,  which  is  used  so  largely  abroad,  and  now  being 
introduced  for  such  service  in  this  country. 

Mr,  Seaver. — In  reference  to  one  of  the  objections  which  have 
been  raised  against  the  crane,  which  was  the  large  amount  of  dead 
weight  to  be  moved  in  relation  to  the  live  load,  I  would  state  that 
the  idea  is  to  bring  this  crane  opposite  to  the  pile  of  material  that 
is  to  be  loaded  on  the  car  and  bring  the  cars  opposite  to  that. 
Then  the  only  part  of  the  weight  of  the  crane  which  is  moved  is 
simply  the  trolley,  which  is  of  the  ordinary  crane  construction, 
and  that  trolley  would  travel  from  the  pile  of  stock  to  the  car. 
So  that  the  objection  of  rpoving  a  large  crane  for  every  load  does 
not  exist.  That  is  not  the  way  that  it  was  intended  to  work  this 
crane. 

Mr.  Schumann, — I  merely  want  to  call  attention  to  the  ingen- 
ious arrangement  of  the  cross  section  of  the  trusses,  as  a  whole, 
Mr.  Seaver  has  adopted.  I  have  never  before  seen  an  arrange- 
ment of  the  main  chords  forming  apices  of  a  triangle.  By  this 
means  Mr.  Seaver  gets  rid  of  all  cross  bracing  between  the  up|>er 
chords  and  also  permits  the  tension  members  which  carry  the  car  to 
be  hung  directly  to  the  upper  chord  instead  of  cross  girders  ordi- 
narily requii'ed.     The  design  is  most  commendable. 

Mr.  Oberlin  Smith. — It  seems  to  me  that  under  the  circum- 
stances this  must  have  been  the  best  form  of  crane,  and  better  than 
an  ordinary  travelling  crane,  because  the  yard  was  so  very  long — 
eight  hundred  feet,  I  believe — and  the  side  tracks  to  support 
a  travelling  crane  would  be  expensive  as  well  as  perhaps  being 
in  the  way.  Another  advantage  of  this  form  is  that  it  enables 
an  unlimited  extension  of  yard  length,  provided  such  should 
become  necessary,  at  very  slight  expense,  merely  putting  down 
ordinary  railroad  tracks.  Furthermore  this  crane  is  another  illus- 
tration of  the  extreme  usefulness  of  independent  electric  motors 
to  drive  such  apparatus.  As  Mr.  Seaver  said,  the  large  motor 
which  is  necessary  to  move  a  crane  two  hundred  feet  long  is  only 
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to  handle  certain  pieces  of  material  which  are  called  for.  So  they 
must  be  prepared  at  any  time  to  handle  any  kind  or  any  weight 
or  any  size  of  piece  that  can  pass  through  their  mills.  A  smaller 
crane  would  not  at  all  handle  pieces  such  as  are  of  ahnost  daily 
occurrence,  say  plates  that  are  40  feet  long,  angles  that  are  60 
feet  long,  6  inches  by  6  inches  by  i  inch  thick.  If  there  is  a 
single  post  in  the  way  there  is  no  way  of  handUng  them,  unless 
thirty  or  forty  men  are  available,  over  all  the  material  stored  in 
the  yard.  A  great  difficulty  in  our  structural  mills  is  that  there 
is  rarely  yard  room  enough  to  do  all  the  work  necessary.  The 
Cambria  Company  is  known  to  have  a  stock  of  material  on  hand 
which  far  exceeds  that  of  any  other  mill  in  the  country,  and  is 
therefore  obliged  to  have  handling  facilities  in  the  stock  yard 
greater  in  capacity  and  dimensions  than  any  other  of  our  mills, 
and  any  one  familiar  with  the  location,  as  some  of  us  are,  will  see 
that  a  small  crane  would  be  almost  out  of  the  question,  besides 
requiring  a  great  number  of  laborers  in  addition  to  do  less  than 
what  this  one  crane  will  do.  That  is  also  a  consideration,  and  the 
loss  of  room  and  the  multiplication  of  tracks  in  the  yard  is  almost 
prohibitory.  They  could  not  handle  their  business  if  they  had  to 
put  eight  tracks  in  there  instead  of  these  two  or  four.  The  idea 
of  transferring  the  loads  from  one  crane  through  to  the  trolley  on 
another  crane  so  as  to  shift  right  across  those  yards  to  the  car 
track  is  sometimes  the  only  salvation  of  the  business.  If  they 
cannot  handle  the  material  the  mills  have  to  stop,  because  of  lack 
of  room  in  their  particular  location. 

I  want  to  call  attention  to  another  crane  of  similar  dimensions 
in  the  yards  of  the  Johnson  Company,  at  Johnstown  also.  But 
there  they  must  have  a  crane  covering  160  feet  span  by  800  feet 
length  because  they  lay  out  all  their  switches  and  turnouts  and 
cross-overs  for  electric  and  cable  roads  on  a  brick  floor — ^an  abso- 
lutely level  yard  160  feet  by  800  feet  long,  and  every  piece  of  rail 
has  to  be  handled  and  put  together  and  taken  apart  again  and  put 
on  the  cars.  They  could  not  have  got  the  space  if  they  had  used 
any  other  kind  of  crane.  The  latter  crane  is  not  of  the  heavy 
construction  described  in  the  paper,  because  it  is  not  used  for  very 
heavy  loads.  Only  two  tracks,  at  either  end,  are  used  to  load  the 
material.  The  first  consideration  was  to  get  floor  room  of  suffi- 
cient dimensions  to  lay  out  these  immense  curves — for  instance, 
the  Battery  curve  on  the  Broadway  cable  road — which  would  have 
to  be  laid  out  full  size  on  the  floor.     This  crane  of  apparently 
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The  study  to  be  here  attempted  is  that  of  the  "  promise  and 
potency,"  as  Tyndall  might  have  said,  of  high-pressure  steam  in 
the  saturated  state.  The  facts  will  be  in  part  deduced  from 
the  operation  of  two  high-pressure  engines,  the  one  a  triple  and 
the  other  a  quadruple  expansion  engine,  employed  as  "  experi- 
mental engines  "  in  Sibley  College  work. 

Maximum  expansion,  as  nearly  adiabatic  as  practicable,  is  the 
secret  of  maximum  efficiency,  other  things  equal,  in  all  cases, 
and  increasing  pressure  has  little  or  no  value  from  this  point  of 
view  without  simultaneous  elevation  of  the  ratio  of  expansion  to 
its  practicable  limit ;  a  limit  which  is,  however,  in  turn  restricted 
by  back  pressure,  by  internal  wastes,  and  by  financial  consider- 
ations.^ This  latter  statement  has  been  sufficiently  verified 
already,  and  need  not  be  here  discussed,  t 

The  proposition  that  the  maximum  efficiency  of  the  fluid, 
thermodynamically,  is  measured  by  the  value  of  the  maximum 
ratio  of  expansion  may  be  proven  with  sufficient  definiteness  for 
present  purposes  thus  :  X 

Assuming,  for  convenience  and  as  sufficiently  exact  for  our 
purpose,  that  the  expansion  is  sensibly  hyperbolic  and  the 
operation  purely  thermodynamic,  the  work  performed  by  the 
fluid  at  a  pressure  j9,,  and  volume  v„  expansion  taking  place  to 
back  pressure  p2  =  i>3>  is 

ir^pi  vi  (1  4-  log^  r)  -pi  V2 ; 
=  pi  vi  log,  r  ; 

where  r  is  the  ratio  of  expansion  giving  a  terminal  pressure 
p^  =p^.  The  value  of  the  ratio  of  this  work,  U,  to  the  quan- 
tity, Wy  of  fluid  employed,  measured  sensibly  by  pi  r,,  is  thus 

-j^  (xpi  r^  log,  r  /  p^  }\  a  log,  r  ; 

it  being,  however,  noted  that  the  back  pressure  ]>s  =i^2  in  this 
case.  With  p^  constant,  the  practical  case,  some  gain  is  obtain- 
able by  increasing  pressures,  but,  loss  occurring  by  incomplete 
expansion,   this  is   not  the  full  and  maximum   possible  gain. 

*  Manual  of  the  Steam  Engine,  Thurston,  vol.  I.,  chap.  ii.     X.  Y.,  WUeys, 
1806. 
f  Ibidem  ;  also  Transactions  A.  S.  M.  E.,  1881  to  date. 
J"  Ratio  of  Expansion  for  Maximum  Efficiency,"  Transa^ctions  A.  S.  M.  E.,  1881. 
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le   check  in   this   advance.     The  maxima  rise  from  50 
pounds  a  generation  ago  to  125  ponnds  in  1880,  to  200  pounds 
in  1890,  to  250  in  1895,  and  are  likely  to  be  above  300  pohnds  in 
1900.    The  pressures  adopted  in  the  case  here  to  be  particularly 
considered — 500  pounds,  about  34  atmospheres — are  such  as,  in 
the  regular  course  of  such  progress  as  has  been  witnessed  in 
the  last  generation,  would  be  reached  about  the  year  1910  or 
1920.    The  change  now  taking  place  so  rapidly,  in  the  transfer 
of  the  work  of  steam  making  from  the  ''  shell  boiler "  to  the 
modem  forms  of  water-tube  boiler,  seems  likely  soon  to  result 
in  the  removal  of  many  obstacles  to  further  increase  of  steam 
pressures,  and  it  is  very  possible,  it  is  probably  safe  to  infer, 
that  in  the  near  future  it  will  be  found  as  easy  to  control  and 
ntilize  pressures  of  500  and  of  1,000  pounds  per  square  inch 
as  to-day  to  employ  those  of  100  to  150.     In  fact,  the  employ- 
ment of  pressures  of  1,000,  1,500,  and,  as  is  said,  2,000  pounds 
by  Jacob  Perkins  sixty  years  ago,  and  of  pressures  of  800 
and  of  1,000  pounds  by  Dr.  Alban  a  half-century  ago,  may  be 
taken  as  ample  evidence  of  the  practicability  of  employing  such 
tensions  of  steam  in  the  future,  if  found  desirable.*     The  two 
real  questions  are,  with  us,  simply.  Will  it  pay  the  boiler- maker 
to  supply  boilers  for  these  pressures?  and  Will  it  pay  the  engi- 
neer or  steam-user  to  adopt  them  in  ordinary  practice  ?    These 
are  questions  of  finance,  to  be  settled  by  direct  experiment  and 
by  prolonged  experience,  should  experiment  indicate  a  possibil- 
ity of  commercial  gain  by  the  movement.     There  is  certainly  at 
the  present  time  no  insuperable  difficulty,  as  a  matter  of  engi- 
neering simply,  in  designing  to  meet  a  demand  for  pressures  as 
high  as  those  which,  in  1835  to  1845,  were  handled  successfully, 
even  with  the  crude  facilities  of  those  times,  by  Perkins  and 
Alban;  nor  is  there  any  difficulty  to-day  in. proportioning  an 
engine  to  work  steam  of  any  pressure  that  may  be  found  finan- 
cially desirable.     A  triple-expansion  engine,  with  ratios  of  ex- 
pansion in  each  cylinder  of  about  3J  ,  will  work  steam  of  500 
pounds,  and  at  4  to  4^  expansions  will  take  care  of  steam  at 
one  thousand  pounds.  A  quadruple-expansion  engine  will  simi- 
larly handle  these  pressures  with  ratios  of  2  and  2^.     It  seems 
improbable  that  a  quintuple-expansion  engine  will  be  required. 


•  Hidorif  of  the  Growth  of  the  Steam  Engine,  pp.  828-827.     Vide,  also,  Stewart 
•nd  Gallowty'B  histories,  and  Pole's  translation  of  Alban. 
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hour.  Practice  has  attained  to,  at  best,  about  70  per  cent,  of 
the  ideal,  thermodynamic  case. 

The  purpose  of  employing  any  stated  measure  of  engine 
efficiency  is  always  definite,  and  should  be  stated  in  advance, 
while  the  unit  of  comparison  should  be  as  precisely  defined. 
There  are  employed  in  the  work  of  the  engineer  one  absolute 
and  several  relative  efficiencies. 

The  Absolute  Efficiency  measures  the  proportion  of  the  total 
energy  supplied,  in  form  of  heat,  which  is  transformed  into  the 
dynamic  form,  in  the  cycle  or  the  series  cf  operations  considered. 
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^  Jielative  Efficiency  measures  the  ratio  of  dynamic  energy 
®®^^^^d  for  the  performance  of  work,  in  any  given  cycle  or  oper- 
ation, to  the  quantity  which  would  have  been  similarly  trans- 
formed and  delivered  had  the  cycle  or  operation  been  of  equal 
perfection  with  one  chosen  as  a  standard.  This  standard  is 
selected  for  special  purposes,  and  may  be  more  or  less  perfected, 
^^  eTen,  in  an  exactly  defined  degree,  defective,  as  compared 
^th  the  pure,  the  ideal,  thermodynamic  case  most  nearly  par- 
^lel  therewith,  as  may  be  found  desirable  or  expedient ;  but 
its  exact  nature  and  its  absolute  efficiency  should  always  be 
known  and  precisely  stated. 
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The  Standard  of  the  Measure  of  Absolute  Efficiency  is  perfect 
transformation  of  the  one  form  of  energy  into  the  other ;  its 
measure  is  unity.  It  corresponds  to  the  transformation  of  one 
British  or  metric  thermal  unit  into  778  foot-pounds,  or  into 
426.9  kilogrammeters,  of  dynamic  energy. 

The  Sta/ndard  of  Rdative  EfficieTtcy  is  that  efficiency  obtainable 
in  a  cycle  of  specified  form,  ideal,  thermodynamically,  and  also 
especially  adapted  to  the  case  in  hand  as  representing  that  par- 
ticular ideal  which  the  actual  cycle  and  operation  compared 
therewith  may  approach,  but,  in  consequence  of  mechanical  or 
physical  limitations,  can  never  absolutely  attain. 

The  Camot  Cyde  is  one  primary  standard  or  measure  of  rela- 
tire  efficiencies:  being  that  most  perfect  of  thermodynamic 
cycles  wliich  both  mechanical  and  physical  conditions  forever 
forbid  the  engineer  reaching ;  though  the  perfection  of  his  heat- 
engines  may  be  exactly  measured  by  comparison  with  this 
purely  thermodynamic  and  perfect  cycle. 

The  BanJdne  Cycles  here  adopted  are  forms  of  steam-engine 
cycle  which  are  conceivable  and  thermodynamically  possible,  but 
which,  until  heat- wastes  by  conduction  and  radiation  are  exfcin- 
quishable,  represent  also  a  limit  approachable  but  unattainable 
by  the  engineer.  They  are  defective  Camot  cycles,  failing  to 
provide  Carnot's  compression-line,  and  in  some  cases  his  com- 
plete expansion  to  back  pressure.  They  are  given  their  special 
forms  in  order  that  the  engine,  as  built  and  operated,  may  be 
compared  with  the  purely  thermodynamic  machine  of  similar 
construction,  and  they  therefore  have  similar  temperature  and 
pressure  and  expansion  limits. 

The  latter  measure  of  efficiency  is  called,  in  some  cases,  the 
**  standard  efficiency,"  *  and  is  defined  to  be  the  ratio  of  the  ab- 
solute efficiency  of  the  actual  engine  to  the  absolute  efficiency 
of  the  ideal  with  which  it  is,  at  the  time,  compared  as  the 
standard. 

The  Claudius  Cycle,  employed  also  as  a  standard,  is  the  Camot 
cycle  without  compression,  but  with  complete  expansion.  It  is 
impracticable,  but  permits  the  measure  of  the  loss  incurred  in 
the  Bankine  cycle  by  incomplete  expansion. 

Tlte  Use  of  Standards  may  be  required  in  any  investigation  of 


*  Sankey  on  **The  Thermal  EflSciency  of  Steam  Engines,"  Proe.  Inst.  C.  E., 
March,  1896 ;  Thurston  on  ditto,  Jovr.  Frank.  Inst,  December,  1896. 
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the  Claasias,  and  other  cycles  proposed  as  standards  of  refer- 
ence under  various  circumstances,  the  feed-water  takes  up  heat 
at  gradually  increasing  temperatures  from  thermal  heaters,  and 
from  the  heated  mass  of  water  in  the  boiler  into  which  it  is 
introduced  by  the  feed-pump.  In  the  Camot  cycle  the  feed- 
water  begins  receiving  heat  from  the  source  of  supply  at  the 
temperature  of  vaporization,  and  only  latent  heat  is  demanded; 
in  the  other  cycles  the  feed-water  is  delivered  to  the  boiler  at 
lower  points  on  the  scale,  and  receives  heat  through  a  wide 
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range  of  temperature,  in  the  form  of  sensible  heat,  in  addition 
to  the  supply  of  latent  heat. 

The  Clausius  standard  cycle,  adopted  by  some  authorities  as 
a  reference  standard,  expands  adiabatically  to  the  back  pressure. 
Captain  Sankey  has  proposed  to  make  the  form  of  cycle  that  of 
Rankine,  but  adopting  a  constant  value  of  the  terminal  pressure ; 
expansion  terminating  at  a  pressure  exceeding  the  back  pressure* 
by  the  constant  quantity,  0.15  atmosphere. 

T/ic  Lhal  Limit  of  Performance^  adopting  the  Carnot  as  the 
cycle  of  maximum  efficiency  as  our  standard  of  comparison,  is 
exhibited,  for  the  full  range  of  pressures  to-day  employed  or 
proposed  to  be  employed  by  most  advanced  practitioners,  in 
Figs.  66  and  67.     Back  pressure  is  assumed,  in  the  first  of  these 
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maximum  eoonomj  for  each  pressure,  and  the  extension  of  its 
range  of  practical  availability  with  minimum  cost  of  power  as 
pressures  rise.  At  40  pounds  the  best  work  is  done  at  between 
20  and  25  I.  EL  P.,  and  economy  falls  off  rapidly  outside  these 
limits.  At  60  pounds  the  best  work  is  done  at  between  30  and 
40  H.  P.,  and  about  twice  as  wide  a  range  is  permissible,  with 
the  previously  assumed  allowable  variation  in  economy.  At  80 
pounds  the  work  is  most  satisfactory  at  45  H.  P.,  and  a  range  of 
20  H.  P.  gives  but  little  variation  in  the  cost  of  power.    At  100 
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pounds  the  best  power  is  50  H.  P.,  and  the  range  of  nearly  con- 
stant economy  is  still  wider ;  while  at  125  pounds  the  limit  of 
pressure  observed,  the  engine  does  its  best  work  at  about  55  or 
60  H.  P.,  and  good  work  up  to  70  H.  P. 

The  same  story  is  told,  in  a  different  and  perhaps  more  familiar 
way,  by  Fig.  71,  in  which  the  ordinates  are  ratios  of  expansion, 
and  the  abscissae  are  costs  of  power  in  weights  of  steam  and 
of  feed-water,  as  before.  Pressures  ranging  from  40  to  120 
pounds,  the  same  minima  in  costs  of  power  are  exhibited,  and 
the  best  work  is  seen  to  be  effected  at  ratios  of  expansion  rising 
in  magnitude  from  2. J  to  4.  The  range  of  cut-off  giving  best 
work  is  seen  to  be  more  restricted,  and  variation  from  that  value 
more  costly  at  the  lower  than  at  the   higher  pressures.     In- 
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we  shall  have  a  collection  of  data  of  value  bearing  npon  this 
hitherto  Uttle-studied  source  of  waste  in  the  more  economical 
classes  of  engine.  Meantime  the  accompanying  curves.  Fig. 
72,  may  be  taken  as  illustrative  of  the  bearing  of  this  defect 
upon  engine  performance  in  the  case  of  the  familiar  forms  of 
condensing  mill  engine.  The  diagrams  are  the  smooth  curves 
derived  by  examination  of  a  variety  of  work  of  this  class,  up  to 
the  present  time.  Still  better  data  will  probably  be  found 
later,  T^hen  the  last  work  of  this  kind,  of  the  year  1896-96,  can 
be  published.     The  main  facts  sought  to  be  presented  at  the 


■>«ncy  jO0 


.10  .12  .14  .15 

Fio.  72.  — Cfpicicncy  and  CLCARANCC 
Pi"  100 1      p,~4!    Clearance  0.  5.  10.15.  percent 


^P^Uent  are  the  somewhat  rapid  increase  of  this  form  of  waste 

^^  increasing  clearances  in  the  "  low-speed  "  mill  engine,  and 

obvious  deduction  that  much  of  the  gain  noted  in  recent 

J^^T^  in  the  better  classes  of  mill  engine  is  unquestionably 

u^  ^  *'^®  ^^^  exhibited  by  their  designers  in  making  the 

^  ^ad  spaces  "  of  minimum  volume.     It  is  especially  interest- 

"VS^i  in  studying  these  curves  (Fig.  72),  to  note  the  influence  of 

^(gcTeasing  clearance  in  not  only  effecting  economy  and  raising 

the  value  of  the  efficiency,  but  also  in  raising  the  value  of  the 

ratio  of  expansion  for  best  performance,  and   thus  permitting 

more  complete  utilization  of  approximately  adiabatic  expansion 

and  resultant  heat  conversion  and  utilization. 
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economy  also  restrict  the  range  tlirongli  whicli  power  may  be 
raried  without  serious  ill-effect,  on  either  side  the  point  of 
maximum  efficiency.  Clearance  is  thus  seen  to  be  at  once  an 
iiaportant  element  of  waste  and  of  restriction  of  the  application 
of  tlie  principles  of  maximum  economy,  and  its  elimination  one 
of  the  essential  elements  of  further  progress. 

Fig.  74  illustrates  the  same  general  variation  of  efficiency 
witlx  varying  clearance  for  the  case  of  a  fairly  economical  non- 
condensing  engine,  as  deduced  from  the  experimental  work  of 
the  Sibley  College  laboratories,  and  presents  the  measures  of 
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pj-  UXh        p,~  18;     Clearance  Tarlable 
•"  X  86"<»  90  BeTOluUou. 

k  ^^  consumption  on  a  diagram  in  which  the  curve  is,  as  in 
^^  preceding  cases,  carefully  rectified  by  reference  to  both  the 
'^tioiial  and  the  experimentally  determined  qualities. 

-Sere  the  clearance  varies  from  about  35  per  ceni,  in  the  en- 

^*^^^  employed,  down  to  one-third  that  figure,  and  the  curve  is 

J^^oiently  well  established  to  permit  tracing  it  back  to  zero 

^^^ance.     The  figures  for  steam  consumption  actually  varied, 

I    ^llown,  from  35  pounds  down  to  28,  and,  tracing  back  to  zero 

^^^anoe,  to  26  pounds  ;  but  on  a  large  scale,  as  500  H.  P.  and 

^^^rds,  these  figures  should  be  reduced  to  one-half  their  pres- 

*  Magnitude. 
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and  with  1,100  B.  T.  U.  supplied  per  pound  of  feed-water  the 
consumption  of  energy  would  be,  as  a  minimum,  23,650  B.  T.  U. 
per  I.  H.  P.  per  hour.  The  difference  between  this  figure  and 
the  cost,  in  the  same  measure,  of  the  best  work  done  on  shore, 
about  one-half  that  amount,  is  a  measure,  at  least  in  some 
degree,  of  the  hampering  influence  of  the  exigencies  of  naval 
construction.*  Gould  clearances  be  made  insignificant,  jacketing 
effective,  and  proportions  of  engine  such  as  would  give  a  good 
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Vacuum  and  little  friction,  the  wastes,  if  not  costs,  would  be 
halved. 

The  Conditions  of  Success,  with  steam  at  now  usual  high  pres- 
sures, is  illustrated  by  the  next  illustration,  Fig.  78,  exhibiting 
the  "  efficiency  curves "  of  the  Sibley  College  triple-expansion 


*  In  marine  practice  it  is  not  anu8ual  to  demand  aud  to  obtain  over  a  half 
horse-power  from  each  equare  foot  of  boiler  beating  surface,  and  twenty  to 
twenty-five  horse-power  from  each  square  foot  of  grate  area,  the  evaporation 
being  about  eight  pounds  per  square  foot  of  heating  surface,  the  ensrine  demand- 
ing sixteen  pounds  of  feed-water  or  less  per  horse-power  per  hour,  and  fuel  being 
burned  at  the  rate  of  thirty  or  forty  pounds  on  the  unit  area  of  grate. 
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experimental  engine  when  doing  about  its  best  work,  the  data 
for  best  eflfect,  substantially  as  follows : 

SiBLET  COLLSOB  EXPBRIMENl'AL  EkOIKE. 

Clearances.  .7.6,  8.93,  and  9.85  per  cent. 
Boiler  pressure.  125 (abs.);  110  by  gauge 

Barometer 29.4  inches 

Condensing  water,  per  lb.  steam..  19  lbs. 

D.H.P 123.4 

Steam,  per  I.  H.  P.  per  hour. .  13.8  lbs. 
Steam,  per  D.  H.  P.  per  hour.  .15.1  lbs. 
Total  ratio  of  expansion 13.83 


Cylinders 9  +  16  -f-  24  x  36  inches 

Piston  rods 2.81  inches  diameter 

^*<^uum 10.8  pounds,  22  inches 

Jtcket-water 13.72  per  cent. 

TotnI.H.P 140.2 

Mechanical  eflEiciencj 0.88 

B-  T.  r..  per  I.  H.  P.  per  hour.  .14,160 
B-  T.  r..  per  I.  H.  P.  per  minute. .  .286 

Pressures  (absolute),  at  cutoff,  131,  48, 18.5 ;  at  release,  48, 14.5,  2.5. 

Jtcket-water,  i>er  cent.,  26.4,  7.05,  28.1  in  cylinders,  and  9.85,  34.6  in  receivers. 

Work  per  cent.,  1,  1.33,  and  1.675  in  cylinders  1,  2,  and  8. 

Themn)dynamJc  efficiency  of  Carnot  cycle,  24.7  per  cent. ;  actual,  18  per  cent. 

Ratio  (kf  actual  to  Camot,  0.73. 

Water- Tate  of  Rankine  cycle,  9.6  pounds  ;  ratio  to  actual,  0.72. 

In  ttiie  figure,  the  curves  A  are  those  obtained  from  the  engine 
w\xeii  ihe  high-pressure  cylinder  is  worked  alone  as  a  simple 
engine,  jacketed  and  unjacketed  ;  B  is  the  set  of  curves  obtained 
from  high-pressure  and  intermediate,  working  as  a  compound, 
and  C  is  the  set  representing  the  machine,  as  a  whole,  jacketed 
and  unjacketed,  working  as  a  triple-expansion  engine,  but  with 
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jacketed,  respectively ;  the  minimum  cost  in  steam  being  23 
pounds  steam,  about  23,000  B.  T.  U.  per  horse-power  per  hour. 
The  double-cylinder  engine  brings  these  figures  up  to  12  and  17 
for  the  ratio  of  expansion,  and  down  to  16  and  18  pounds  of 
steam,  and  exhibits  the  anomaly,  in  this  instance  the  idiosyn- 
crasy, of  doing  its  best  work  with  cylinders  and  receiver 
UDJacketed  at  the  lower  and  the  reverse  at  the  higher  ratios  of 
expansion.  The  triple-expansion  engine  performs  its  highest 
duty,  unjacketed,  at  20  expansions,  jacketed  at  22,  and  at  an 
expenditure  of,  respectively,  a  trifle  above  15  and  13.6  pounds. 

The  combined  diagrams  are  shown  in  Fig.  79,  together  with 
the  quality  curves  of  the  steam  in  the  three  cylinders,  as  meas- 
urable on  the  diagrams  from  the  point  of  cut-off  to  the  end  of 
the  stroke  of  each.  The  saturation  curves  on  the  larger  diagram 
are  necessarily  discontinuous  because  of  the  variation  of  the 
percentages  of  clearance.  In  the  high  and  intermediate  cylin- 
ders, the  cylinder  condensation  continues  beyond  the  point  of 
cut-off;  in  the  low-pressure  cylinder,  superheating  is  observed 
at  the  point  of  cut-off,  with  progressing  loss  of  superheat  down 
to  the  end  of  the  stroke,  at  which  point  saturation  is  reached. 
This  last  is  the  condition,  already  frequently  noted,  and  espe- 
cially by  Dwelshauvers-Dery,  as  that  of  best  performance  for 
any  given  engine.  The  assumption  is  corroborated  in  this  case 
by  the  fact  that  this  engine  has  shown  its  highest  efficiency 
under  these  conditions.  Superheating  is  here  effected,  to  pre- 
cisely the  right  degree,  by  the  action  of  the  second  receiver- 
jacket  The  jackets  take  about  13.7  per  cent,  of  all  steam  sent 
to  the  engine ;  and  of  this  the  first  cylinder  jacket  takes  one- 
fourth,  the  intermediate  one-twelfth,  the  low  pressure  one-third, 
and  the  balance  is  taken  by  the  receiver  jackets  in  the  propor- 
tion of  three  in  the  second  to  one  in  the  first.* 

Substantially,  all  experiments  upon  the  Sibley  College  experi- 
mental engine  show  that,  in  the  case  of  that  engine,  at  least, 
the  use  of  the  steam  jacket  on  all  cylinders  is  more  advanta- 
geous than  its  disuse.  The  highest  water  rate,  unjacketed,  in  the 
most  extended  series  of  tests,  27.5  pounds  per  horse-power  per 
hour,  was  obtained  with  the  smallest  load,  about  one-eighth  its 
proper  rating.  A  smooth  curve  represents  the  fall  in  the  cost  of 
power  with  increasing  demand  for  power,  up  to  about  100  H.  P. 

♦  Trans,  Brit.  Inst.,  X.  A.,  1895. 
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( 1 )  Maintain  the  temperature  of  the  cylinder  at  such  a  point 
as  will  make  the  cylinder  loss  at  admission  a  practical  mini- 
mam. 

(2)  So  adjust  the 'conditions  promoting  freedom  from  cylinder 
condensation  as  to  give  as  nearly  as  possible  dry  steam  in  the 
low-pressure  cylinder  at  the  termination  of  the  expansion  and 
the  opening  of  the  exhaust  valve. 

7%€  Record  for  IW  Pounds  is  held,  at  this  date,  by  the  Mil- 
waukee pumping  engine,  of  which  a  full  account  was  given  by  the 
writer  in  a  paper  published  in  the  Transactions  of  the  A.  S.  M.  E. 
for  1893.  It  was  observed  that  its  economy  was  due,  as  already 
Been  in  the  general  case,  to  its  excellent,  idmost  ideal,  cycle,  to 
its  small  clearances,  its  effective  jacketing,  and  a  general  excel- 
lence of  design  and  construction,  resulting  in  low  friction- wastes 
^nd  a  very  excellent  vacuum.  The  combined  diagrams  for  the 
^i^gine,  and  the  diagrams  exhibiting  the  variation  of  the  quality 
of  steam,  at  and  beyond  the  point  of  cut-off,  will  be  found  in  the 
paper  referred  to.  It  is  here  only  necessary  to  present  the  fol- 
lowing summary  of  the  results  of  its  trial. 

Computing  the  efficiency  of  the  ideal  representative  case  for 
this  engine,  and  the  wastes  of  the  real  engine,  and  comparing 
them  with  the  results  of  test,  the  figures  given  in  the  succeeding 
table  are  obtained.*  The  wastes  are  computed  for  the  low- 
pressure  cylinder,  and  the  assumption  is  made  that  all  work  is 
performed  in  that  cylinder.  The  dynamic  waste  is  taken,  at 
the  usual  rating  of  the  engine,  as  10  per  cent,  of  the  delivered 
power;  the  internal  heat- wastes  are  computed  by  the  formula — 

c^a^^^, 
d 

in  which  a  is  taken,  as  in  the  Sandy  Hook  experiments,  as  4, 
and  r  =  19.55,  t  =  2.96  ; 


e  =  4  t/'-^^'-^'^  0.13932. 

External  wastes  of  heat  are  taken  as  0.5  B.  T.  U.  per  square 
foot  of  exterior  surface,  and  per  degree  difference  between 
external  and  internal  temperatures  : 

♦  *'  Initial  Condensation  and  Heat-Wastes."  Thurston  ;  Trans.  Brit.  Inst.,  N.  A. 
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above  12  ;  although  its  best  duty  is  given  at  a  ratio  of  20.  As 
actually  operated,  it  is  probable  that  costs  are  such  as  to 
permit  the  economical  adoption  of  a  somewhat  higher  ratio. 

Summarizing  the  Casey  for  the  modem,  high-grade  engine 
working  with,  it  may  be  assumed,  160  pounds  of  steam,  absolute, 
and  at  various  ratios  of  expansion  within  a  range  somewhat 
exceeding  that  customarily  adopted  by  the  contemporary  de- 
signer, we  may  lay  down  a  diagram,  as  in  Fig.  81,  in  illustra- 
tion of  the  point  attained  to-day  in  the  improvement  of  the 
steam  engine.  The  lower  curve,  as  before,  represents  the  com- 
puted, ideal,  case  ;  and  this,  with  from  twenty  to  thirty  expan- 
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sions,  demands  about  9,000  B.  T.  U.,  or  perhaps  8J  pounds  of 
feed- water  per  H.  P.  per  hour.  External  wastes,  including  dyna- 
mic, or  friction,  losses,  add  ten  per  cent,  to  the  costs.  External 
wastes,  in  the  case  of  the  simple  engine,  represented  by  the 
added  ordinates,  up  to  the  highest  full  line  on  the  diagram, 
immediately  restrict  the  expansion  to  a  ratio  of  8  or  9,  and  raise 
the  cost  to  24,000  B.  T.  U.  as  a  minimum.  Compounding  the 
engine  cuts  these  wastes  in  half,  substantially,  and  reduces  cost 
to  17,500  B.  T.  17.  at  the  higher  ratio,  10,  while  the  triple-expan- 
sion arrangement,  reducing  the  internal  wastes  to  perhaps  one- 
third  those  of  the  simple  machine,  extends  the  available  expan- 
sion to  a  ratio  of  16  and  reduces  cost  to   14,000  B.  T.  U.    per 
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1  E  P.    Placing  four  cylinders  in  series,  finally,  the  cost  drops 

to  12,000  B.  T.  U ,  and  the  proper  ratio  of  expansion  becomes 

twenty  or  more. 

The  dotted  corves  show  the  financial  effect  of  investment 
cost  in  reducing  the  expansion  and  in  increasing  costs,  the 
inrestment  cost  being  expressed  in  values  of  the  thermal  unit. 
The  total  costs  are  thus  increased  from  an  eighth  to  one-fourth, 
and  the  available  expansion  correspondingly  reduced  by  some- 
what similar  figures.* 

Professor  Unwin,  in  1895,  gave  the  following  as  the  records  to 
that  date,  with  saturated  stei^m  :  t 


MINIMUM  STEAM  CONSUMPTION. 


I.  H.  P. 

SteamPreMure. 

Speed  of  Pis- 
ton. 

Pounds  Steam 

I.  H.  P.  per 

Minute. 

S'llxer 

Corlisa 

284 
187 

• 

87 
62 

872 

15.4 
17.5 

Compound: 

?V^in 

f^eelock   

Le^vitt 

548 
247 
590 
648 

90 

85 

160 

185 

570 
498 
612 
871 

18.46 
18.85 

12.84 
12.16 

^'V^  ^T^nHcn: 

SuUer 

615 
574 

141 
120 

516 
203 

11.85 
11.68 

^^J^nd;     Superheated 

Schmidt 

76 

180 

880 

10.17 

- 

^^  Promiae  of  Higher  Pressures  and  the  potentiality  of  heat 
^^^^^i^ion  in  thermodynamic  engines,  in  that  field  as  yet  in- 
^D^pletely  explored  and  lying  quite  beyond  the  range  of 
F^sent  practice,  may  be  judged  partly  by  studying  the  thermo- 

y^^mic  case,  partly  by  such  sporadic  and  isolated  instances  of 
*  ^Oapted  construction  as  the  past  history  of  the  steam  engine 

^^als.  Since  the  gain  to  be  anticipated  must  probably  follow 
._^^thmic  law,  it  is  obvious  that  some  such  advance  as  is 

R  FT  ^ndensation  and  Heat- Wastes,"  Proc.  Inst.  Naval  Arch,  of  G.  B.,  1895, 
■     •  T'hurston. 

^  ^^oeeedmgB  Brit.  Inst.  C.  E.,  May  2,  1895. 
13 


194     "promise  and  potency"  of  high-pressure  steam. 

measured  by  the  relation  of  the  logarithms  of  proposed  pres- 
sures to  those  actually  familiar  to  us,  at  the  moment,  will  be 
experienced.  Comparing  steam  of  100  pounds  pressure  with 
that  at  1,000  pounds,  we  can  hardly  expect,  from  simple  increase 
of  pressure  alone,  more  than  fifty  per  cent,  gain ;  assuming,  as 
seems  not  at  all  improbable,  that  the  actual  may  be  giyen  that 
ratio  to  the  ideal  performance  now  reached  in  the  best  engines 
operating  at  the  lower  pressure.  Taking  the  best  work  of  good 
engines  of  to-day  as  about  12,000  B.  T.  U.  at  100  pounds  pres- 
sure, the  real  case  will  give  not  far  from,  we  will  say,  8,000 
B.  T.  U.  at  1,000.  We  can  hardly  expect  much  better  than 
about  seventy  per  cent,  of  the  theoretical  figure  for  the  Bankine 
cycle — or  for  the  cycle  of  Camot,  should  we  ever  succeed  in 
reproducing  its  form  in  the  actual  engine. 

The  experiments  of  Perkins  sixty  years  ago,  and  those  of 
Albans  a  half-century  ago,  have  no  value  for  our  purpose  other 
than  as  perhaps  proving  tKe  practicability  of  controlling  such 
pressures  as  800  and  1,000  pounds  and  upward  within  the  steam 
boiler.  Neither  produced  an  engine  approaching,  in  design  and 
construction,  the  modern  type  of  engine,  or  approximating  our 
present  performance  at  even  moderate  pressures. 

Albans  reported  a  consumption  of  4.1  to  5.3  pounds  of  fuel 
per  horse-power  per  hour,  and  the  sons  of  Perkins,  a  generation 
later,  employing  steam  of  350  pounds  and  upward,  reported  1.25 
pounds.*  No  well-proportioned  engines  have  of  late  years  been 
set  in  operation  under  circumstance^  affording  a  good  gauge  of 
the  gain  to  be  anticipated  by  this  radical  departure  in  the  use 
of  higher  pressures. 

The  work  of  the  younger  Perkins,  above  alluded  to,  is  illus- 
trated in  the  performance  of  the  S.  S.  Anthracite,  a  small 
steamer  having  triple  engines,  7|  +  15|f  +  22xf  x  15  inches, 
carrying  steam  at  360  pounds.  The  efficiency  of  the  ideal  case, 
as  computed  above,  would  be  about  0.26,  and  9,800  B.  T.  U.  per 
I.  H.  P.  per  hour  would  be  demanded.  The  report  of  Sir 
Frederick  Bramwell  states  the  following  as  the  outcome  of  his 
trials  of  the  ship  : 

Fuel  per  I.  H.  P.  per  hour 1.71 

'*  Combustible  "  per  I.  H.  P.  per  hour 1.625 

Feed-water  per  I.  H.  P.  per  hour 17.8 

B.  T.  U.  per  I.  H.  P.  per  hour 20,022. 

*  History  of  the  Growth  of  the  Steam  Engine,  pp.  326-828. 
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The  cylinder  condensation  ranged  from  above  30  per  cent, 
in  the  high-pressure,  to  8.5  per  cent,  in  the  low-pressure  cylin- 
der* 

The  Ideal  Case  is  easily  computed  for  any  assumed  pressure. 
Thus,  for  example,  taking  the  initial  pressure  as  500  pounds  per 
square  inch,  the  back  pressure  in  one  case  as  5  pounds,  in 
another  as  2,  and  the  ratio  of  expansion  as  64,  in  both  cases 
we  have  the  following,  adopting  Bankine^s  methods  of  compu- 
tation :  t 

DATA  AND   RESULTS. 

^i  =  500  lbs. ;  j>,  =  6  lbs. ;  p,  =  5  lbs. ;  r  =  64. 

Mean  effective  pressure 81  lbs. 

Efficiency  of  fluid 0.2675 

B.  T.  U.  per  I.  H.  P 10,200 

Steam  per  I.  H.  P.  per  liour 9.25  lbs. 

Coal  per  I.  H.  P.  per  hour 1.03   ** 

Seducing  the  back  pressure  to  2  pounds  per  square  inch, 
these  figures  are  improved  to  the  extent  of  ten  per  cent.,  and 
we  have : 

Efficiency  of  fluid 0.28 

B.  T.  XJ.  perl.  H.  P.  per  hour 9,200 

Steam  per  I.  H.  P.  per  hour 8.5  lbs. 

Coal  perl.  H.  P.  per  hour 0.9  " 

It  is  here  assumed  that  1,100  B.  T.  U.  are  available  per  pound 
of  steam  with  a  good  boiler  and  heater  system,  and  that  the 
*^a  of  heating  surface  is  ample  to  insure  an  evaporation  of 
^e  pounds  of  water  per  pound  of  good  fuel.  For  unity  effi- 
cieJ^cy,  this  would  give  out  2.3  pounds  of  steam  and  0.26 
po^UKjs  of  fuel  per  I.  H.  P.  per  hour. 

Assuming  the  total  wastes  of  heat  to  be  measured  by  the 
percentage  w?  =  a  >y/r,  and  the  value  of  a  for  an  engine  of  con- 
siderable size  to  be,  as  found  for  large  mill  engines,  about  0.15, 
^©  obtain  the  loss  for  the  simple  engine,  w  =  0.15  x  o  =  1.2, 
^d  the  total  expenditure  of  feed-water  per  horse-power  per 
nou^  here  becomes,  for  the  two  cases  respectively,  20  and  18 
P^^ixds.  Taking  the  wastes  as  inversely  as  the  number  of 
*^ylin<Jers  in  series,  within  the  limits  here  observed,  we  have  the 

*  handbook  of  Engine  ar^  BoUer  Trials,  Thurston.    N.  Y.,  Wileys.  1895. 
«  ^ide  the  writer's  Manual  of  the  Steam  Engine,  vol.  i.,  p.  618,  for  such 
^^^Putations. 
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following  for  the  computed  and  probable  costs  of  power  in 
the  two  cases : 

Efficiencies  of  Multiple-cylikder  Engines 

Form  of  eDg^e p,  =  5,  ps  =  2. 

Ideal  case 9.25  8.5  pounds  steam  per  I.  H.  P.  per  hour. 

Simple  jacketed 20  18 

Double  expansion 14.5  18.5             **                    ** 

Triple  expansion 13  11.5             '''                    "                 '* 

Quadruple  expansion 12  10.5             **                    **                 " 

Were  the  same  investigation  made  for  steam  pressures  approxi- 
mating 1,000  pounds,  the  results  would  exhibit  but  10  per  cent, 
better  figures.  Compared  with  the  now  usual  figure,  100  pounds 
per  square  inch  of  boiler  pressure,  the  elevation  of  the  pressure 
400  per  cent  would  give,  as  seen  already,  about  30  per  cent, 
gain,  and  increase  to  1,000  per  ceni  about  50  per  cent.  gain.  It 
is  further  obvious  that  if  a  well-designed  and  eflScient,  yet  not 
excessively  expensive,  engine  could  be  adapted  to  the  employ- 
ment of  these  higher  pressures  the  gain  in  efficiency  might,  in 
many  cases,  handsomely  repay  the  costs. 

The  Sibley  College  High-pressure  Quadruple-expansion  Experimental 
Engine,— The  builders  of  the  engine  to  be  described  were  Messrs. 
Thomas  Hall  and  C.  H.  Treat,  both  members  of  the  American 
Society  of  Mechanical  Engineers,  and  both  graduates  of  Sibley 
College  and  Cornell  University,  and  at  the  time  of  its  comple- 
tion, in  the  graduate  department  of  the  University.  Mr.  Hall  had 
taken  the  degree  of  Master  in  Engineering,  and  had  entered  upon 
his  candidacy  for  the  Doctor's  degree  in  Philosophy.  Mr.  Treat 
was  a  candidate  for  the  Master's  degree  in  Engineering.  Their 
professional  training  and  their  practical  experience  and  skill 
combined  to  fit  both  men  well  for  the  task  undertaken  by  .them. 

The  work  was  carried  on,  as  opportunity  permitted  in  the 
intervals  of  more  imperative  duties,  for  a  period  of  about  three 
years,  and  the  complete  engine  finally  turned  over  to  the  Uni- 
versity and  Sibley  College  as  an  experimental  engine  in  the 
autumn  of  1895.  The  work  was  that  of  the  two  young  mechanics, 
entirely  unassisted.  They  introduced  several  new  and  interest- 
ing as  well  as  valuable  features  into  the  design,  and  the  con- 
struction is  most  creditable  to  the  makers  and  to  their  preceptors 
in  both  classroom  and  workshop. 

The  essentials  of  success  were  recognized  to  be  the  produc- 
tion of  a  good  steam  distribution,  as  nearly  as  possible  illus- 
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trating  the  cycle  of  the  ideal  heat  engine ;  effective  protection 
^S^inst  wastes,  either  thermal  or  dynamic ;  and  safe,  permanent, 
^d  light  construction.   High  steam  pressure,  high  piston  speed, 
^^plete  expansion,  were  admittedly  obvious  elements,  as  already 
^^>  of  maximum  ejficiency.    It  was  determined  to  adopt  steam 
^'  500  pounds  pressure  and  to  design  an  engine  for  300  revolu- 
.  ^^s  per  minute  and  upwards,  with  a  boiler  capable  of  sustain- 
^  1,000  pounds  pressure. 
.  t^^t  only  were   great  originality  and  intelligence  and  good 
*  ^^ent  shown  in  the  design  and   construction  of  this  new 
^^^,  but  in  matters  of  minor  detail  even  greater  difficulties, 
^t\xaps,  were  met  and  surmounted,  and  the  vanquishing  of 
these  minor  obstacles,  which  are  apt  in  such  cases  to  prove  the 
real  impediments  to  success,   may  be  accepted  as  the  best 
possible  measure  of  the   ability  and  the  persistence  of  the 
builders  of  the  machine.     Making  injectors  and  water-gauges 
practically  workable,  and  the  final  substitution  for  these  appa- 
ratus of  a  special  pump  and  of  a  new  method  of  water-level 
ifidication,  are  as  creditable  bits  of  work  as  are  the  details  of 
the  engine  and  of  the  boiler  themselves.    Provision  was  made 
in  the  design  for  the  prosecution  of  various  investigations  likely 
in  time  to  become  of  interest,  and  probably  of  importance ;  and 
the  whole  outcome  of  this  work,  while  no  one  would  claim  for 
it  freedom  from  defect  or  absolute  perfection  in  any  respect,  in 
the  opinion  of  all  who  have  been  competent  to  judge  after  seeing 
it  in  operation,  may  be  pronounced  most  satisfactory. 

The  De8crt])tion  of  the  Engine  is  here  prefaced  to  the  detailed 
account  of  its  performance,*  in  the  language,  substantially,  of 
its  builders : 

"  The  engine  was  built  in  the  Sibley  College  shops,  Cornell 
University.  It  was  designed  for  an  experimental  engine.  It 
involves  several  new  features,  including  a  special  form  of  brake 
capable  of  keeping  the  load  automatically  constant. 

"The  principal  considerations  in  the  design  of  the  engine 
were,  first,  that  its  construction  should  require  as  little  labor  as 
possible ;  second,  that  it  should  attain  high  economy. 

"The  real  economy  of  a  steam  engine  increases  with  increase 

in  steam  pressure  and  with  the  reduction  of  internal  and  exter- 

iial  wastes.    These  wastes  result  from  cylinder  condensation, 

improper    steam    distribution,   leaks,   friction,   and  radiation. 

♦  Power,  July,  1896 ;  Sibley  Journal,  1«95. 
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Cylinder  condensation  is  usually  much  the  greatest  loss.  The 
means  of  diminishing  it  are  :  (1)  increasing  the  number  of  cylin- 
ders, and  so  reducing  the  range  of  temperature  in  any  one  cylin- 
der ;  (2)  making  internal  area  a  minimum  and  coating  with  non- 
conducting material ;  (3)  jacketing ;  (4)  superheating ;  (5)  high 
rotative  speed." 

It  was  decided  to  use  four  cylinders.  A  fifth  cylinder  would 
probably  have  decreased  the  cylinder  condensation  loss  enough 
to  have  considerably  exceeded  the  added  losses ;  but  it  would 
have  increased  the  work  of  building,  and  the  economic  gain 
would  have  been  small. 

"The  temperature  of  steam  at  500  pounds  absolute  is  467 
degrees  Fahr.  The  flue  gases  are  still  higher.  If  they  escaped 
at  this  high  temperature  there  would  be  a  very  material  loss 
in  the  efficiency  of  the  whole  plani  This  loss  was  obviated, 
and  at  the  same  time  cylinder  condensation  was  reduced,  by 
allowing  the  gases  to  '  reheat  *  the  steam  in  the  receivers,  the 
hottest  gases  heating  the  hottest  steam.  This  arrangement, 
together  with  the  high  rotative  speed,  makes  steam  jacketing  far 
less  important,  and  it  was  not  attempted." 

"  Provision  was  made  for  experimenting  with  non-conductors 
on  ends  of  piston,  and  on  cylinder  heads  in  the  two  low-pres- 
sure cylinders.  The  exposed  area  in  the  short,  straight  ports 
and  in  the  valve  orifices  is  very  small.  In  engines  having  deep 
cylinder  heads  a  large  area  is  often  left  in  direct  communication 
with  the  interior,  by  making  the  steam  fit  at  the  end  of  the  cyl- 
inder, instead  of  at  the  inner  end  of  the  head,  as  it  should  be,  and 
is,  in  this  engine.  This  area  is  just  as  productive  of  cylinder 
'  condensation  as  any  other  portion  of  the  interior,  and  in  many 
engines  will  be  nearly  as  large  as  all  the  other  areas  combined." 

The  engine  is  shown  in  Fig.  62.*  The  cylinders  are  set  close 
together,  making  it  easy  to  fully  and  efficiently  lag  them,  so  that 
radiation  loss  will  be  small. 

"  The  friction  loss  is  also  small  for  a  quadruple  of  this  size, 
being  not  far  from  ten  per  cent,  at  the  normal  load.  The  cranks 
are  set  alternately  at  180  degrees,  so  that  the  forces  acting  on 
the  shaft  are  nearly  balanced  and  the  pressure  on  the  bearings 
is  small.  This  is  the  best  way  of  balancing  an  engine,  the 
inertia  of  one  piston  and  connecting  rod  being  balanced  by  the 
next.  The  engine  has  run  at  five  hundred  revolutions  per  min- 
*  By  permission  of  Power. 
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ate  when  resting  on  blocks  and  not  fastened  down  in  any 
way." 

"  A  suitable  valve  gear  for  an  experimental  engine  is  a  diffi- 
cult problem.  It  must  give  good  steam  distribution.  It  must 
be  capable  of  adjustment  for  a  wide  range  of  cut-off,  and  com- 
pression, and  release  should  also  be  under  easy  control  For 
this  engine  it  must  be  capable  of  running  at  high  speed. 

"Plain  slide  valves  are  not  adjustable.  Separate  steam  and 
exhaust  valves  of  this  type  would  have  added  very  greatly  to  the 
work  of  construction,  and  would  not  have  fulfilled  the  require- 
ment of  ease  in  adjustment.  Corliss  gearing  would  not  have  with- 
stood the  high  speed  contemplated.  A  suitable  gearing  required 
to  be  positively  connected  and  also  required  ample  port  area,  and 
quick  opening  and  closing  of  the  valves,  also  ease  in  adjust- 
ment." 

The  gearing  shown  in  the  engraving  was  finally  worked  out. 
The  steam  valves  admit  steam  through  a  slot  in  centre.  Steam 
is  admitted  by  one  edge  of  the  slot  and  cut  off  by  the  other. 
Both  events  occur  at  each  stroke  of  the  valve,  and  the  motion 
of  the  gearing  need  be  only  half  as  rapid  as  ordinarily,  reduc- 
ing the  inertia  effect  to  one-fourth.  Spiral  gears  give  this 
reduction  of  speed,  and  transmit  the  motion  to  the  sliding- 
block  movement  on  the  front  of  the  engine.  This  latter  device 
operates  to  give  the  valves  quick  movement  during  admission, 
and  reduces  over-travel.  It  consists  of  a  bell-crank  carrying 
a  block  in  the  longer  arm  sliding  in  a  slot  in  the  wrist-plate. 
The  other  arm  of  the  bell-crank  lever  is  connected  to  the  driving 
crank  of-  the  valve-motion  driving  shaft.  "Two  of  these  mo- 
tions are  necessary,  one  controlling  the  steam  valve  at  one  end 
of  any  cylinder  and  the  other  the  steam  valve  at  the  other  end. 
The  reason  for  two  is,  that  one  motion  can  give  quick  movement 
only  once  in  a  complete  rotation;  but  one  end  of  a  cylinder 
must  have  steam  180  degrees  after  the  other  in  a  double-acting 
engine.  By  referring  to  the  cut  it  will  be  seen  that  lost  motion 
in  the  lower  connections  will  be  much  reduced  by  the  sliding- 
block  device.  When  the  block  is  near  the  end  of  the  slot  the 
wrist-plate  will  not  move  at  all.  When  at  the  centre  of  its 
travel  the  valves  are  wide  open,  and  a  little  one  way  or  the  other 
makes  no  material  difference." 

"When  the  block  is  moving  at  the  end  of  the  slot  the  fly 
wheel  may  be  turned  thirteen  out  of  thirty-two  equal  divisions 
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of  its  circumference  without  producing  any  perceptible  motion 
of  the  valve-arm,  showing  the  extent  to  which  over-travel  of  the 
valve  is  reduced.  The  valves  are  only  one  inch  in  diameter,  yet 
some  of  the  ports  are  more  than  three-eighths  inch  wide.  As 
the  valve  passes  over  the  port  from  one  side  to  the  other  the 
port  must  always  be  completely  opened  during  admission,  no 
matter  how  early  the  cut-offi"  All  steam-valve  rods  and  rods 
transmitting  motion  to  the  sliding-block  movement  are  made 
of  bicycle  tubing  with  ends  brazed  into  them.  The  spiral  gears 
are  made  of  mild  steel,  to  run  in  oil. 

^'  The  exhaust  valves  resemble  the  Corliss,  and  are  driven  by 
the  crank  at  the  end  of  the  shaft  In  case  of  accident,  to  stop 
the  engine  quickly,  this  crank  may  be  loosened  on  the  shaft, 
and  so  stop  all  the  exhaust  valves  at  once.  This,  in  fact,  is  the 
usual  method  of  stopping  the  engine,  and  proves  both  safe  and 
handy.  The  steam  valves  lift,  so  that  if  an  exhaust  valve  is  left 
closed  the  steam  in  the  cylinder  is  forced  back  into  the  previ- 
ous receiver  or  into  the  boiler.  If  the  valve  is  left  open,  on  the 
other  hand,  steam  may  blow  through  into  the  next  receiver. 
The  receivers  are  provided  with  safety  valves,  so  that  the  pres- 
sure in  them  can  never  become  dangerous.  By  setting  the 
engine  at  admission  and  changing  this  exhaust  crank,  steam 
may  be  blown  through  the  entire  engine.  This  is  convenient  in 
warming  it  up." 

The  stuffing-boxes  are  nearly  long  enough  to  prevent  any  of 
the  rod  exposed  to  steam  reaching  the  outside  air.  They  are 
packed  with  asbestos  wicking  and  graphite.  The  deep  stuffing- 
box  is  easy  to  keep  tight. 

All  parts  are  strong  enough  to  carry  full  steam  pressure  in 
either  of  the  first  three  cylinders  and  150  pounds  in  the  low 
pressure.     This  admits  of  any  combination  desired. 

"  As  the  number  of  cylinders  and  the  rotative  speed  is  in- 
creased, the  work  lost  in  friction  becomes  a  greater  and  greater 
item.  It  is  a  large  percentage  of  the  total  friction.  To  reduce 
it,  the  journals  should  be  made  as  small  as  possible  consistent 
with  strength.  This  demands  that  the  shaft  be  made  of  the 
strongest  material  obtainable.  The  extra  first  cost  is  very  small 
compared  to  the  saving  it  will  make  in  a  few  years.  The  shaft 
in  this  engine  was  forged  by  tlie  Bethlehem  Iron  Company,  out 
of  their  steel.  It  was  the  only  piece  made  outside  the  Sibley 
College  shops." 
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The  rods  are  of  steeL 

The  crank  and  cross-head  pins  are  lubricated  from  oil  cups  at 
the  end  of  the  engine.  Other  bearings  may  be  oiled  by  hand 
without  difficulty. 

"  The  cylinders  are  lubricated  by  a  Swift  lubricator  on  the 
steam  pipe.  Some  difficulties  were  met  with  in  the  cylinder 
lubricators.  Any  lubricator  having  glass  tubes  or  valve  seats 
made  of  compositions  which  would  melt  at  a  low  temperature 
would  not  answer.  The  valve  seats  would  melt  out,  but  would 
stand  if  replaced  by  pure  lead  ones,  while  the  glass  tubes  would 
give  way.  The  Swift  lubricator  was  used  with  the  lead  valve 
seats.  Ordinary  heavy-cylinder  oil  is  used.  No  trouble  has 
been  experienced  from  its  burning  out.  The  cylinders  are  all 
in  fine  condition  and  show  that  they  are  well  oiled." 

"The  chimney  gases  may  be  sent  to  the  receivers  or  direct 
up  the  chimney  by  turning  the  proper  dampers.  When  going 
to  the  receivers  the  gases  strike  the  first  or  high-pressure 
receiver,  then  the  second,  and  finally  the  low  pressure.  The 
steam  pressure  in  the  low-pressure  receiver  does  not  run  much 
orer  atmospheric  pressure.  Under  some  conditions  it  is  much 
less.  In  some  cases  this  receiver  has  cooled  the  gases  down 
to  less  than  212  degrees  Fahr." 

"  The  brake  consists  of  a  heavy  iron  band,  Q,  the  ends  of 
which  are  connected  by  link  B  and  lever  /.  The  lever  is  con- 
nected to  the  nut  which  works  up  and  down  on  screw  C. 

"  Screw  C  is  operated  by  gear  B^  which  in  turn  is  driven  by 
the  small  pinion  G.  If  the  speed  increases  the  governor  balls 
rise,  depressing  the  rod  Z>,  and  thus  causing  dog  E  to  engage 
with  the  lower  bevel  gear.  These  bevel  gears  are  driven  con- 
tinuously by  belt  from  the  main  shaft,  the  lower  one  forward 
and  the  upper  one  backward.  The  pinion  0  is  keyed  to  rod  />, 
but  can  slide  along  it  axially.  Now  when  E  engages  with  the 
lower  bevel  gear,  through  0  the  screw  Cis  driven  counter-clock- 
wise, thus  tightening  the  brake.  If  the  speed  decreases,  rod  £> 
will  rise  and  E  will  engage  with  the  upper  bevel  gear,  when  0 
^U  be  driven  clockwise,  thus  loosening  the  brake. 

"In  order  to  give  the  governor  a  greater  or  less  range,  the 
hand  wheel  A  is  used  to  adjust  the  leverage,  thus  shifting  the 
point  of  attachment  of  link  B  to  lever.  A  hand  wheel  is  also 
connected  with  link  By  for  the  purpose  of  adjusting  the  initial 
tension  of  the  brake  for  different  loads. 
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in  diameter,  and  6J  feet  long.  It  is  left  entirely  solid,  being 
neither  pierced  nor  riveted.  The  heads  are  of  wrought  iron, 
and  are  fastened  on  by  means  of  long  one  inch  bolts  reaching 
from  head  to  head  outside  the  drum.  A  Ij-ineh  stay  bolt  also 
runs  from  head  to  head  through  the  centre  of  the  drum.  These 
long  bolts  form  an  excellent  safety  device  in  case  the  safety 
Talve  did  not  work  properly.  They  would  stretch  nearly  half 
an  inch  before  reaching  their  elastic  limit,  and  thus  the  head 
woald  lift  and  allcrw  the  steam  to  escape  in  a  case  of  extreme 
pressure.  This  would  occur  long  before  any  of  the  other  parts 
of  the  boiler  could  have  reached  their  elastic  limit,  and  would 
permit  instant  reduction  of  pressure  at  any  rate  of  evaporation; 
None  of  the  joints  are  in  the  flame.  The  ends  of  the  drum  and 
the  heads  are  faced  up  in  the  lathe,  and  have  V  grooves  turned 
in  them,  into  which  a  copper  ring  is  placed  to  secure  a  tight 
joint  The  coils  are  connected  to  the  headers  by  heavy  right 
and  left  screw-joint  couplings.  These  were  put  together  very 
carefully,  and  none  of  them  have  shown  a  leak.  Both  the  steam 
header  and  the  cold-water  return  are  screwed  into  the  heads, 
while  their  other  ends  are  plugged  with  screw  joint  and  copper 
ring.  A  blow-off  is  screwed  into  the  end  of  the  cold-water 
retnm,  so  that  any  sediment  collecting  there  may  be  blown  out. 

"  The  drum  is  supported  by  means  of  two  pillars,  and  the  tops 
of  the  coils  are  suspended  from  the  brickwork. 

"  The  boiler  was  built  sufficiently  strong  to  carry  1,000  pounds 
steam  pressure,  and  was  tested  to  1,350  pounds,  cold-water 
pressure.  Both  engine  and  boiler  have  been  operated  at  620 
pounds  steam  pressure.  The  factor  of  safety  in  the  heating 
coils  is  about  17 ;  in  the  drum  above  5." 

TU  Methods  of  Conducting  the  Engine  Trials  in  this  case  were 
those  usual  in  the  engineering  laboratories ;  the  steam  being 
weighed  by  condensation  in  the  special  condehser  provided  by 
the  laboratory,  all  instruments  being  carefully  standardized. 
It  is  unnecessary  to  describe  them  in  detail,  as  they  have  been 
akeady  frequently  and  fully  illustrated  on  earlier  occasions,  and 
described  in  standard  treatises,  and  in  papers  published  in  the 
Traiisadions  of  the  A.  S.  M.  E.  and  elsewhere.* 

It  was  found  advisable  to  envploy  a  specially  constructed 
indicator  with  reduced  piston-area,  and  great  pains  were  taken 

*  Vide  CarpeDter's  Experimental  Engineering,  or  Thurston's  Engine  and  Bailer 
TriaU,  and  Tram.  A.  8.  M.  E.,  1890  et  seq. 
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The  first  test  was  made  with  a  boiler  pressure  of  400  pounds, 
the  boiler  having  been  previously  tested  up  to  above  1,000 
pounds  under  cold-wacter  pressure. 

The  result  was,  with  the  development  of  12.4  I.  H.  P.,  a  con- 
sumption of  149  pounds  of  steam  per  hour,  12  pounds  per  I.  H.  P.. 
The  friction  of  the  engine  proved  to  amount  to  13.7  per  cent., 
and  the  steam,  per  D.  H.  P.,  measured  13.9  pounds  per  H.  P. 
per  hour.  The  gauge  was  retested  by  comparison  with  a 
Crosby  "  square  inch  "  test-gauge.  This  calibration  checked 
to  substantial  identity  with  that  previously  made.  The 
Crosby  gauges  on  the  receivers  were  similarly  tested  and  found 
satisfactorily  accurate.     The  vacuum  gauge,  an  S.  and  B.  instru- 
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ment,  was  tested  by  comparison  with  a  standard  formed  by  a 
pure-mercury  column.  Such  checks  were  secured  at  intervals 
throughout  the  series  of  trials,  and  corrections  were  introduced 
wherever  errors  were  measurable. 

A  second  trial  was  made  at  pressures  ranging  up  to  500 
pounds,  and  the  engine  developed  14.34  L  H.  P.,  with  a  consump- 
tion of  9.67  pounds  of  steam  per  H.  P.  per  hour.  The  D.  H.  P. 
measured  12.7,  and  the  steam  per  D.  H.  P.  10.9  per  H.  P.  per 
hour.  The  engine,  smoothed  up  by  working,  had  reduced  its 
friction  to  11  per  cent 

A  third  trial  at  300  pounds  pressure  gave  11.26  I.  H.  P.  on 
10.8  pounds  of  sensibly  wet  steam. 

A  fourth  trial  nearly  duplicated  the  results  of  the  first, 
though  with  only  300  pounds  steam  pressure.  The  I.  H.  P. 
measured  11.9,  demanding  12.35  pounds  of  steam  per  H.  P.  per 
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tion,  resulted  in  showing,  for  a  single  half-hour,  16.95  I.  H.  P.  on 
10.75  pounds  of  steam  per  hour  per  H.  P.,  and  for  a  second  part, 
16.8  I.  H.  P.  on  11.1  pounds.  The  friction  measured  10.8  per 
cent. 

The  tenth  series  of  measurements,  occupying  three  hours,  and 
taking  observations  for  two  and  a  half  hours,  with  steam  held 
very  smoothly  at  300  pounds  pressure,  averaged  11.07  I.  H.  P. 
at  9.65  pounds  of  steam  supplied  per  H.  P.  per  hour.  The  fric- 
tion amounted  to  just  10  per  cent. 

The  eleventh  and  twelfth  sets  of  observations,  the  runs  being 
good  but  very  short — an  hour  and  a  half  and  one  hour  respect- 
ively—averaged 11.6  I.  H.  P.  on  14.34  pounds  of  wet  steam. 
The  friction  rose,  in  these  cases,  to  12.8  per  cent. 

Trials  eleventh  to  thirteenth,  inclusive — making,  together,  a 
three  and  a  half  hour  run — averaged,  at  300  pounds  pressure, 
8.07  I.  H.  P.  and  6.87  D.  H.  P.,  14.9  per  cent,  friction,  for  No.  11. 
The  figures  became  8.55  and  7.19  for  No.  12,  and  9.53  and  8.8 
for  No.  13.  The  steam  consumption  ranged  from  12  pounds  in 
the  latter  to  18.75  in  the  first  of  this  series  of  three  sets  of 
observations,  as  referred  to  the  indicated  power. 

The  fourteenth  trial  was  made  at  200  pounds  steam,  produc- 
ing 5.02  I.  H.  P.,  3.75  D.  H.  P. ;  the  steam  measured  17.3  per 
I.  H.  P.,  and  the  friction  became  25.3  per  cent. 

The  fifteenth  trial  repeated  the  last  in  respect  to  steam  pres- 
sure, and  averaged,  for  three  hours,  5.91 1.  H.  P.  on  14.7  pounds 
steam  per  H.  P  per  hour. 

The  sixteenth  trial  was  a  short  one,  but  at  500  pounds  pres- 
sure. The  average  for  one  hour  of  smooth  running  gave  16.08 
D.  H.  P.  at  10.54  pounds  of  steam  consumed  per  H.  P.  per  hour. 
The  indicated  power  measured  17.2,  and  the  engine  demanded 
9.75  pounds  of  steam  per  H.  P.  per  hour.  The  friction  fell,  at 
this  comparatively  high  power,  to  6.5  per  cent. 

The  seventeenth  trial  was  made  with  but  125  to  140  pounds 
pressure,  and  gave  an  average  of  5.42  I.  H.  P.  on  12.64  pounds 
steam  per  H.  P.  per  hour.  The  brake  power  measured  3.76,  and 
the  steam  18.19  pounds,  wet  from  the  boiler,  equivalent  to  17.72 
pounds  dry. 

The  preceding  trials  of  the  engine  were,  as  is  obvious  from 
the  record,  quite  as  much  a  set  of  experiments  looking  toward 
the  removal  of  existing  difficulties  in  the  use  of  high-pres- 
sure steam  as  to  the  determination  of  the  economical  value  of 
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such  steam  pressures.  The  unending  increase  in  the  difficulty 
of  satisfactorily  designing  for  such  pressures,  and  of  operating 
with  them,  has  been  appreciated  most  thoroughly,  probably,  by 
the  boiler  manufacturers,  who  have  been  called  upon  during 
the  last  generation  to  supply  steam  boilers  for  steadily  rising 
pressures,  ranging  from  25  pounds  in  marine  practice,  in  the 
middle  of  the  century,  to  200  and  250  pounds  to-day.  In  the 
present  case,  however,  no  trouble  was  found  in  the  construc- 
tion or  operation  of  the  boiler  itself,  but  mainly  with  the  feed- 
water  supply  and  the  water-level  indication.  No  doubt  is  felt  of 
being  ultimately  able  to  overcome  these  difficulties  thoroughly, 
and  it  is  anticipated  that  we  may,  after  a  short  time,  perhaps, 
be  given  more  extended  and  more  complete  collections  of  data 
for  500  pounds  pressure,  or  even  more. 

The  whole  series  of  tests  which  have  been  now  described 
were  carried  on  by  the  designers  of  the  engine  and  boiler  em- 
ployed, and  they  were  aflforded  every  assistance  that  the  college 
could  furnish.  Their  work  was  reviewed  by  Mr.  Preston  and 
other .  members  of  the  college  faculty ;  all  recognize  both 
its  value  and  its  still  incomplete  range  and  detail  and  its  unfin- 
ished condition. 

The  eighteenth  trial  was  made  after  the  engine  had  been 
formally  conveyed  to  the  college  for  use  as  an  experimental 
engine  by  its  builders,  and  in  the  course  of  advanced  laboratory 
work.  The  observers  were  Messrs.  J.  H.  Mitchell  and  N.  S. 
Eeeder,  whose  experience  and  special  skill  were  deemed  particu- 
larly excellent  in  this  field.  They  were  aided  by  Mr.  Eldredge, 
a  member  of  the  college  faculty  and  on  the  staff  of  the  Depart- 
ment of  Experimental  Engineering,  a  member  of  the  A.  S.  M.E. 
The  methods  were  substantially  the  same  as  those  already 
described  and  commonly  employed  in  regular  laboratory  work. 
The  usual  delays  from  newly  discovered  difficulties  delayed  the 
work  from  time  to  time  ;  but  the  results  in  the  tables  presently 
to  be  given  were  finally  obtained  with  satisfactory  accuracy.  The 
tables  and  calorimetric  measurements  were  worked  up  by  the 
method  of  Him,  and  results  computed  for  one  of  the  most  satis- 
factory tests  by  the  designers  of  the  engine  as  well  as  for  this 
last  experiment.  These  figures,  although  not  at  maximum  pres- 
sure«  will  be  interesting  and  valuable  as  showing  the  general 
distribution  of  heat  and  of  mechanical  energy  throughout  the 
series  of  steam  cylinders.    The  second  of  this  pair  of  trials  shows 
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ished condition. 
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The  methods  were  substantially  the  same  as  those  already 
described  and  commonly  employed  in  regular  laboratory  work. 
The  usual  delays  from  newly  discovered  difficulties  delayed  the 
work  from  time  to  time  ;  but  the  results  in  the  tables  presently 
to  be  given  were  finally  obtained  with  satisfactory  accuracy.  The 
tables  and  calorimetric  measurements  were  worked  up  by  the 
method  of  Him,  and  results  computed  for  one  of  the  most  satis- 
factory tests  by  the  designers  of  the  engine  as  well  as  for  this 
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a  lower  degree  of  reheating  and  a  much  less  satisfactory  vacunm 
than  the  first,  and  their  comparison  affords  some  clue  to  the 
Talue  of  reheating  with  multiple-cylinder  engines.  Difficulty 
in  the  last  experiments  was  mainly  found  to  be  that  coming  of 
a  waste  of  steam  through  the  independent  feed-pump  which  it 
was  endeavored  to  use,  and  the'  pressure  was  only  held  up  by 
throttling. 

The  combined  diagram  for  this  case  is  presented  in  the  in- 
serted plate,  Fig.  86,  and  in  succeeding  figures,  as  worked  out  by 
careful  measurement  of  the  diagrams  and  comparison  with  the 
saturation  curve  for  the  weight  of  steam  inclosed  in  the  cylinder 
at  cut-offi  This  process  has  been  fully  described  in  earlier  vol- 
umes of  the  Tranaactions  of  the  A.  S.  M.  E.,  by  Professor  Car- 
penter and  the  writer,  and  fully  illustrated,  as,  for  example,  in 
the  case  of  the  Milwaukee  pumping  engine.*^  The  saturation 
curve  shown  in  the  combined  diagrams  is  that  of  a  weight  of 
dry  and  saturated  steam  equal  to  that  worked  in  the  engine  in 
each  cycle  and  without  becoming  either  wet  or  superheated. 
The  comparison  with  this  of  the  abscissas  of  the  engine  diagram 
as  obtained  with  the  indicator,  thus  gives  a  measure  of  the  va- 
riation in  volume  produced  by  either  partial  condensation  or  by 
superheating,  and  thus  a  correct  determination  is  made  of  the 
quality  of  the  steam  at  every  instant  in  its  progress  through  the 
engine. 

In  the  high-pressure  engine,  the  steam,  wet  at  entrance  into 
the  high-pressure  cylinder,  becomes  steadily  drier  as  expansion 
progresses,  until,  at  the  opening  of  the  exhaust,  it  approximates 
dryness,  becoming  dry  and  saturated  at  about  three- fourths 
stroke  in  the  first  intermediate  cylinder,  wet  throughout  the 
stroke  of  the  second  intermediate,  and  so  continues  through 
the  low-pressure  cylinder  and  up  to  final  exhaust  into  the  con- 
denser. This  case,  it  will  seem,  is  comparable  with  the  work  of 
the  Perkins  steamer  Anthracite.  The  results  attained,  how- 
ever, are  considerably  better,  notwithstanding  the  fact  that  this 
engine  is  but  of  about  ten  per  cent,  the  power  of  that  machine. 

ITie  Calorimetric  Analyms  of  this  engine  presents  many  points 
of  interest,  and  may  prove  suggestive  as  well  as  instructive. 
The  following  table,  although  not  that  exhibiting  the  highest 
efficiencies  or  at  full  pressure,  is  especially  well  worked  up,  and 

♦  Trans.  A.  S.  M.  E..  1898,  vol.  xv.,  p.  313  ;  "The  Hi^h-Pressure  Multiple- 
Expansion  Engine,"  R.  H.  Thurston. 
14 
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is  therefore  given  as  developed  in  regular  work  in  the  Sibley 
College  laboratories.  The  work  was  done  under  the  supervision 
and  direction  of  the  officers  of  the  college.  The  accompanying 
tables  present  the  data  and  results  of  this  experimental  investi- 
gation in  the  form  customary  in  these  laboratories,  which  is, 
perhaps,  at  once  as  concise  and  as  full  as,  on  the  whole,  is 
desirable. 

The  ideal  Rankine  cycle  would  demand  about  8,100  B.  T.  U. 
per  I.  H.  P.  per  hour,  and  at  1,100  B.  T.  U.  supplied  per  pound 
by  the  combustible,  the  weight  of  fluid  worked  would  be  7.36,  or, 
in  the  Camot  system,  about  seven  pounds  per  L  H.  P.  per 
hour.  The  best  actual  performance  indicated  a  waste  of  above 
one-third ;  and  the  fuel  and  steam  consumption,  as  well  as  the 
quantity  of  heat  demanded,  exceeded  the  ideal  figures  by  38 
per  cent. — amounting  to  9.27  pounds  of  steam  in  the  dry  and 
saturated  condition,  and  to  225  B.  T.  TJ.  per  minute  per  I.  H.  P. 
The  mechanical  efficiency  of  the  engine  was  excellent  for  so 
small  a  machine — 86.88  per  cent.,  at  11  horse-power.  The  ratio 
of  expansion  was  probably  too  large,  for  best  effect  at  this 
pressure,  by  at  least  twenty-five  per  cent.  It  is,  perhaps,  even 
too  great  for  500  pounds  pressure. 
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sentative  of  the  limit  of  practical  advance  at  present,  with 
saturated  steam  and  such  provisions  for  minimizing  wastes  as 
are  now  customarily  employed.  Assuming  this  to  be  the  fact, 
we  find  that  we  cannot  expect  to  reduce  expenditure  to  a  lower 
figure  than  about  8  pounds  of  feed-water  per  L  H.  P.  per 
hour,  about  8,000  B.  T.  U.,  the  feed-water  being  supplied  at  such 
.  temperatures  as  will  make  the  net  heat-supply  1,000  B.  T.  U. 
per  pound  of  steam  made. 

Effective  superheating,  annulling  initial  condensation,  judg- 
ing from  experience,  should  improve  this  ultimate  figure  for 
saturated  steam  by,  as  a  maximum,  not  above  one-eighth ;  and 
7,000  B.  T.  U.,  or  7  pounds  of  steam,  may,  on  this  basis,  be 
taken  as  the  limit  of  probable  advance.  The  temperature  of 
steam  of  this  pressure  is  about  550  degrees  Fahr.,  and  super- 
heating, it  is  thought,  cannot  be  carried  far  beyond  that  point 
in  the  existing  steam  engine. 

Change  of  cycle  is  the  next  most  promising  direction  of  gain, 
apparently.  By  the  adoption  of  the  Carnot  cycle  it  is  possible 
to  increase  the  efficiency  of  the  engine  about  twenty  per  cent, 
above  that  of  the  common  approximate  Bankine  form  of  cycle. 
This  may  not  be  at  all  impossible,  and  a  number  of  methods  of 
attaining  this  result  may  yet  be  found.  Assuiping  it  to  be  found 
practicable,  and  the  gain  due  this  change  secured,  the  ideal  line 
for  the  Bankine  cycle,  line  J,  on  the  diagram,  would  be  reached 
and  the  cost  in  pounds  of  feed-water  and  in  thousands  of 
B.T.U.  would  be 

IV    —      18/    log     Py 

ranging  from  the  equivalent  of  6  pounds  saturated  steam  at 
1,000  pounds  pressure,  down  to  9  pounds  at  100  pounds,  from 
6,000  to  9,000  B.  T.  U. ;  efficiency  rising  to  30  per  cent  at  the 
lower  and  40  per  cent,  at  the  upper  limit  of  pressure. 

The  above  are  the  deductions  coming  of  this  study  of  the 
outlook  for  improvement  by  use  of  high-pressure  steam  at 
the  limits  which  seem  likely  to  be  approximated  in  the  near 
future,  and  on  the  assumption  that  our  engines  will  be  no  better 
adapted  to  such  work  than  are  the  best  engines  of  to-day  to 
their  narrower  range  of  thermodynamic  operation.  Beyond, 
there  still  lies  at  least  one  direction  of  further  gain  by  reduc- 
tion of  wastes,  and  one  of  advance  by  increase  of  the  proportion 
of  heat  transformed  thermodynamically.     The  former  resource 


218       "PBOMISE  AND  POTENCY"   OF  HIGH-PRESSURE  STEAM. 

is  the  now  familiar  scheme  of  finding  a  non-conducting  cylinder 
wall ;  the  other  is  the  employment  of  steam-gas,  and  probably 
in  some  such  manner  as  was  attempted  by  Sir  William  Siemens. 
The  first  of  these  expedients  will  convert  the  engine  into  a 
purely  thermodynamic  machine ;  the  latter  will  raise  its  ther- 
modynamic efficiency  to  the  Camot  limit,  and  to  a  numerical 
value  determined,  finally,  by  the  maximum  practically  available 
temperature.  Should  these  changes  prove  ultimately  practi- 
cable, this  generation  need  not  anticipate  witnessing  the  dis- 
placement of  the  steam  engine  by  any  other  form  of  heat  motor. 
It  will  combine,  better  than  can  any  other  now  known,  the 
maximum  of  combined  thermal  and  dynamic  efficiency. 

Summarizing  the  Case,  we  may  state  the  following  as  our 
conclusions  from  what  has  preceded  relating  to  the  "  promise 
and  potency  of  high-pressure  steam"  within  the  limits  here 
examined : 

(1)  With  equally  excellent  design,  construction,  and  manage- 
ment, we  may  expect  the  efficiency  of  the  steam  engine,  with 
increasing  pressures,  to  increase  nearly  as  the  logarithm  of  the 
boiler  pressure. 

(2)  We  may  hope  to  secure,  at  the  highest  pressures  yet  pro- 
posed, substantially  as  close  an  approximation  to  the  efficiency 
of  the  ideal  engine  as  at  those  pressures  which  now  give  our 
best  records,  probably  seventy  per  cent,  of  the  efficiency  of  the 
cycle  adopted,  considered  as  an  ideal,  thermodynamic  cycle. 

(3)  That  gain  in  economy,  by  increasing  pressures  simply, 
must  be  expected  to  be  slow  and  to  steadily  decrease  in  rate  of 
gain  as  pressures  rise,  making  the  practicable,  commercial 
limit  a  pressure  comparatively  low. 

(4)  That,  assuming  1,000  pounds  pressure  safely  and  readily 
attainable,  we  cannot  expect  to  reduce  the  demand  for  heat  and 
steam  below  6,000  B.  T.  U.  per  I.  H.  P.  per  hour,  and  about 
6  pounds  of  steam ;  the  probable  figures  being  at  least  20  per 
cent,  higher,  even  with  feed  heated  as  assumed. 

(5)  At  500  pounds  pressure,  a  steam  consumption  of  10  pounds 
and  less  has  been  attained  under  circumstances  indicating  that 
on  a  large  scale  the  steam  engine  should,  under  similar  thermal 
conditions,  reduce  this  figure  very  considerably. 

(6)  The  direction  in  which  to  seek  for  gain  are  the  reduction 
of  internal  wastes  and  the  production  of  a  superheated-steam 
engine. 
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DISCUSSION. 

Mr.  Joseph  E,  Johisan^  Jr, — I  would  like  to  know  how  those 
tests  with  a  varying  clearance  were  made — if  they  were  made 
simply  by  recessing  at  the  head  ;  then  the  surface  did  not  increase 
in  proportion  to  the  clearance.  It  seems  to  me  that  in  most 
engines  built  to-day  the  increase  of  surface  with  great  clearance 
is  more  important  than  the  increase  of  the  clearance  itself.  I 
would  like  to  ask  also  if  the  water  from  the  re-heaters  in  the 
quadruple-expansion  engine  was  reevaporated  by  boiler  steam, 
and,  if  so,  whether  the  steam  so  condensed  was  considered  in  the 
ecjonoray  of  the  engine. 

J/r.  Francis  II,  Bayer. — In  reference  to  the  question  of  glass 
gauges  for  such  high  pressures,  I  have  had  considerable  experi- 
ence with  gauges  of  that  character  and  even  have  had  occasion  to 
use  glass  gauges  to  resist  from  400  to  600  pounds  per  square  inch. 
The  gauges  that  we  use  are  long.  It  is  not  a  very  infrequent  thing 
to  run  for  days  with  pressures  of  200  to  250  pounds.  The  glass 
tubes  are  long,  the  opening  through  them  not  over  one-eighth  of 
an  inch  in  diameter  and  with  about  three-eighths  of  an  inch  thick- 
ness of  glass ;  encasing  in  iron  or  brass  tubes  with  a  slot  on  the 
side. 

Mr,  John  E.  &weet, — Was  it  steam  you  were  using  i 

Mr.  Boyer. — No  ;  it  was  ammonia. 

Mr,  Sweet, — Doesn't  that  make  a  diflference  ? 

Mr.  Boyer, — I  should  suppose  that  it  would  not.  These  tubes 
are  annealed  ten  or  twelve  times.  I  have  seen  some  very  danger- 
ous results  caused  by  breaking  glasses.  I  had  one  of  my  men  cut 
with  a  terrible  gash  by  flying  glass  from  gauges  of  a  steam  boiler. 
But  I  have  glass  tubes  now  that  I  have  had  in  use  under  such 
conditions  for  four  years.  When  they  do  break,  they  go  in  thou- 
sands of  pieces. 

Professor  Thurston, — The  clearance  experiments  were  made  by 
fitting  in  the  place  of  the  back  head  of  the  engine  another  special 
form  of  head  which  was,  in  effect,  a  chamber  bored  out  and  fitted 
^th  a  piston,  which  piston  could  be  set  so  as  to  close  the  clear- 
ance space.  That  piston  was  set  up  against  the  piston  of  the 
engine,  allowing  only  just  clearance  enough  to  be  safe.  An 
engine  trial  was  thus  conducted  with  as  little  clearance  as  we 
could  get.  Then  the  adjustable  piston  was  withdrawn  to  a  cer- 
tain extent,  until  the  next  measure  of  clearance  desired  was  ob- 


220       "PROMISE  AND   POTENCY"   OF  HIGH-PBESSURE  STEAM. 

tained  between  the  piston  and  the  head.  Thus  the  adjustable 
piston  was  withdrawn  gradually,  until,  finally,  the  space  enclosed 
between  it  and  the  piston  of  the  engine,  including  port-spaces, 
became  above  thirty  per  cent,  of  the  volume  dispflaced  by  the 
piston. 

I  think  it  is  perfectly  true,  as  Mr.  Johnson  said,  that  the  areas 
of  surface  acting  are  quite  as  important — more  so,  in  some  adjust- 
ments of  the  engine — as  the  actual  volume  of  steam  filling  the 
clearance  spaces.  This  investigation  indicates  what  would  be  the 
effect  of  building  an  engine  with  enlarged  clearance.  We  could 
not  carry  our  experiments  down  to  smaller  clearances  than  here 
reported  because  our  engine  is  built  with  comparatively  large 
clearance.  But  the  fact  of  getting  a  very  smooth  curve  allowed 
us  to  carry  the  line  down  to  the  zero  point. 

In  regard  to  the  measurement  of  the  steam  from  the  heaters — 
we  have  not  been  able  to  do  that  satisfactorily,  and  little  is  to  be 
said  about  that  yet.  We  hope,  in  time,  to  be  able  to  make  such  an 
investigation  as  will  enable  us  to  say  where  every  thermal  unit  of 
heat  goes  from  the  time  that  it  leaves  the  fuel-bed  until  it  finds 
its  way  out  to  the  stack  on  the  one  side  or  through  the  engine  on 
the  other. 

These  data  must  be  taken  as  the  outcome  of  first  and  tentative 
efforts  to  secure  what  can  only  be  at  present  a  rough  approxima- 
tion to  the  possible  efficiencies  of  high-pressure  steam ;  and  what 
they  may  be  can  be  realized  from  the  fact  that,  with  the  largest 
consumption  of  steam  that  we  have  been  able  to  observe,  even 
without  re-heaters  in  use,  the  steam  consumption,  at  500  pounds 
pressure  in  this  case,  is  only  about  13  pounds  per  horse-power  per 
hour.  If  we  magnify  the  scale  of  this  engine,  which  is  only  of 
20  horse-power,  up  to  that  of  the  Milwaukee  engine,  to  500  or 
700  horse-power,  as  we  can  readily  see,  the  wastes  are  likely  to 
be  reduced  in  enormous  proportion,  and  from  that  fact  we  may 
get  some  idea,  at  any  rate,  of  the  probabilities  of  the  gain  to  be 
anticipated  by  the  use  of  such  high  pressures.  I  should  judge, 
from  what  we  have  learned  so  far,  that  we  ought  to  be  able  to 
discount  the  action  of  the  Milwaukee  engine  and  of  Mr.  Leavitt's 
later  engine,  now  just  reported  on,  from  twenty  to  twenty-five 
per  cent.  In  other  words,  it  would  probably  come  down  to  within 
twenty-five  per  cent,  of  the  performance,  as  indicated  by  com- 
putation, of  the  ideal  case. 
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A  concern  with  records  covering  many  years  may  proceed 
confidently,  giving  no  anxioas  thought  to  the  outcome,  provided 
the  conditions  do  not  change.  A  manufacturer  of  machine  tools 
was  recently  questioned  as  to  his  method  of  ascertaining  cost, 
and  as  to  his  knowledge  of  the  correctness  of  his  method.  By 
way  of  reply  he  pointed  out  from  his  office  door,  a  row  of  houses 
to  which  he  is  adding  a  number  each  year.  In  case  of  such 
results,  methods  may  be  ignored.  There  are  in  these  close 
times  concerns  of  which  it  is  true  that  twenty-five  years  ago  a 
difference  of  ten  per  cent,  in  the  result  of  a  year's  business 
would  have  been  a  profit  of  twenty-five  instead  of  thirty-five  per 
cent.,  while  now  a  difference  of  ten  per  cent,  would  probably 
mean  a  profit  of  five  or  a  loss  of  five. 

Much  has  been  written  about  the  cost  of  manufactured  arti- 
cles. The  net  cost,  as  usually  ascertained,  is  of  interest  only  as 
being  one  of  the  elements  necessary  for  fixing  a  selling  price  or 
of  placing  an  inventory  value  on  the  article  produced.  Inquiry 
of  machine  manufacturers  as  to  their  method  of  ascertaining 
cost  or  selling  price,  is  often  answered  by,  "  Well,  on  a  basis  of, 
say,  $300,000  sales  per  year,  etc."  Now,  sales  have  nothing  to 
do  with  the  problem,  further  than  that  the  product  of  a  factory 
must  be  converted  into  money  as  a  more  convenient  medium  of 
exchange.  A  manufacturer  of  cotton  cloth  producing  1,000  yards 
per  day,  paying  for  labor  with  400  yards,  for  material  and  supplies 
300  yards,  for  rent,  insurance,  taxes,  and  all  other  expenses  200 
yards,  would  have  100  yards  remaining  as  profit.  With  a  prod- 
uct of  1,000  yards  per  day  there  is  a  profit  Had  the  product 
been  900  yards  there  would  have  been  no  profit,  and  with  a 
product  of  800  yards  there  would  be  a  loss,  so  that  it  is  a 
question  of  product  and  not  of  sales.  The  product  must  be 
sold. 

Other  manufacturers  answer :  "  We  find  that  adding  six  per 
cent,  to  the  value  of  material  and  merchandise  used,  and  charging 
forty  cents  per  hour  for  all  day  labor,  will  cover  general  expense 
and  leave  us  a  fair  margin."  This  is  simple  and  satisfactory 
until  conditions  change — the  number  of  producer  hours  per  year, 
for  instance,  or  the  introduction  of  a  new  machine  which  will 
do  the  work  of  two  old  ones,  and  displace  them,  and  dispense 
with  one  man  ;  then  the  difference  between  the  hourly  sum  paid 
this  one  workman  and  the  forty  cents  formerly  charged  is  not 
available  for  meeting  general  expense.     A  careful  study  of  this 
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paixi.-fc  will  show  that  unless  readjustments  are  made  as  labor- 
sa^vdxig  tools  and  methods  are  adopted,  there  may  be  a  defi- 
ciency j"  due  to  an  hitherto  unsuspected  cause. 

Ifc  is  the  purpose  here  to  show  what  the  volume  of  product 
ma.s-fc  be,  and  what  value  must  be  placed  upon  it  unsold, 
or  ^^wrliat  selling  price  when  sold,  in  order  to  make  both  ends 
mdei;  and  to  overiap  for  a  given  organization  and  general 
expexftse. 

First,  an  annual  estimate  or  prospectus,  Table  L,  for  the  sue- 
cee<iixig  year,  is  prepared,  based  upon  experience  and  judgment* 
In  tl^is  case  the  capital  invested  in  the  business  is  assumed  to 
be  SX00,OOO,  and  the  annual  pay-roll  to  be  $50,000,  equally 
divl<i^(J  between  producers  and  non-producers ;  and,  to  avoid 
the  cliscussion  now  being  carried  on  editorially  and  by  the  cor- 
respondents of  trade  papers  as  to  who  are  producers  and  who 
noix-j>roducers,  it  must  be  clearly  understood  that  all  those 
whos^  time  can  be  directly  ascertained  and  charged  against 
Bomo  specific  order  or  article  produced  for  sale  are  classed 
^  'px'oducers,  and  all  others  as  non-producers,  and  in  case  of 
donb-fc  safety  lies  in  erring  on  the  side  of  classing  an  indi- 
viclii^  as  a  non-producer  rather  than  a  producer.  The  column. 
Estimated  Expenditure,  Table  L,  requires  no  explanation.  It 
sno^wa  in  this  assumed  case  that  for  the  conduct  of  the  busi- 
ness for  the  succeeding  year  $156,000  must  be  secured.  The 
question  then  arises,  from  what  sources  is  this  sum  to  be 
derived? 

^^  the  column,  estimated  receipts,  adjoining,  (a)  Fixed  in- 
cotjae  $600,  this  being  the  sum  derived  from  rental  of  a  portion 
01  tlie  factory  buildings,  interest  on  bonds  or  returns  from 
investments. 

*^^)  Interest  $400  is  the  estimated  sum  to  be  derived  from 
notes  given  for  deferred  payments,  overdue  accounts,  etc. 

vO  It  is  assumed  that  in  case  of  a  machine-shop  with  tools 
^^^^■ying  greatly  in  size,  value,  floor  space  occupied,  and  power 
^^.'Q^iTed,  that  there  should  be  a  separation  of  the  charge  for  the 
J^^k man  and  for  the  tool.  The  hourly  charge  for  a  man  at  t wenty- 
^^  Cents  working  on  a  $5,000  horizontal  boring-mill  should  not 
^  *lie  same  as  for  the  same  priced  man  working  on  a  $300  lathe. 
^P^rating  tool  time  from  workman's  time,  it  is  estimated  that 
^^  tools  would  yield  a  plant  charge  of  $5,000. 

\cf  )  Material  and  merchandise  are  estimated  at  $75,000.     This 
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item  is  the  same  as  in  the  oolamn  of  estimated  expendi- 
tures, to  which  is  added,  say,  twenty  per  cent  {e\  which  yields 
115,000. 

(/)  Producers'  wages  is  the  estimated  amount  to  be  derived 
by  charging  producers'  actual  time  at  their  actual  rate  against  the 
product.  The  sum  of  all  these  estimated  receipts  is  $121,000, 
while  the  sum  of  the  estimated  expenditures  is  $156,000,  which 
would  show  a  deficit  of  $35,000  on  the  year's  business.  Now 
from  what  source  is  it  possible  to  secure  this  $35,000?  Clearly 
from  a  percentage  added  to  producer's  wages.  In  this  case 
producers'  wages  are  $25,000,  and  in  order  to  derive  therefrom 
the  $35,000,  to  make  good  the  deficit,  140  per  ceni  must  be 
added.  We  have  now  a  sure  method  of  determining  the  neces- 
sary selling  price  when  the  actual  cost  of  material  and  merchan- 
dise, the  number  of  hours  and  rate  per  hour,  and  the  tool  hours 
and  rate  per  hour  are  known ;  thus,  material  and  merchandise 
plus  20  per  cent.,  tool  hours  at  their  established  rate,  and  labor 
plus  140  per  cent,  equal  the  selling  price  under  the  conditions 
assumed  in  the  annual  estimate.  But,  unfortunately,  the  business 
manager  cannot  sit  at  his  desk  in  December  and  predict  that 
his  losses  for  the  succeeding  year  will  be  $500,  and  his  legal 
expenses  $300  and  contingent  expenses  $1,000,  and  that  he  will 
employ  and  get  the  benefit  of  the  product  of  $25,000  expended 
in  producers'  wages.  It  is  this  difficulty  that  the  method  now 
presented  meets  and  overcomes  by  the  use  of  the  tabulated 
monthly  statement,  Table  11.  This  is  shown  in  monthly  form, 
but  so  little  labor  is  involved  that  the  manager  may  keep  in 
closer  touch  with  his  business  by  using  a  weekly  form.  This 
sheet  provides  for  bringing  the  actual  receipts  and  expenditures 
together  with  the  estimated,  it^m  by  item  and  month  by  month, 
so  that  a  glance  will  show  if  any  item  of  expenditure  is  actually 
overrunning  the  estimated,  and  if  any  item  of  receipts  is  under- 
running  the  estimated,  and  show  it  in  time  for  correction.  It 
will  also  show  for  any  month  if  the  total  actual  receipts  or 
expenditures  vary  from  the  estimated,  and  which  way  and  how 
much.  This  is  desirable,  for  one  item  may  exceed  the  esti- 
mated and  be  compensated  by  another,  so  that  the  total  shall 
be  unaffected.  This  table  is  prepared  and  used  as  follows :  The 
items — Estimated  Beceipts  and  Expenditures,  Sheet  I. — are 
divided  by  twelve,  and  one-twelfth  of  each  item  entered  in  the 
column.  Month  Ending  January  31st,  and  on  its  properly  des- 
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ignated  horizontal  line;  under  February  two-twelfths,  March 
three-twelfths,  etc.,  the  amounts  being  cumulative  until  at  the 
end  of  the  year  or  under  December  they  amount  to  the  sum 
shown  in  the  annual  estimate.  These  spaces  may  be  all  filled 
out  as  shown  for  the  last  half  of  the  year — Table  n. 

It  will  be  noticed  that  in  the  two  horizontal  lines  of  totals 
(receipts  and  expenditures),  Table  11.,  the  estimated  amounts 
are  always  equal.  They  must  be  if  both  ends  are  to  meet.  At 
the  end  of  the  first  month  of  the  new  year  actual  figures  are 
available  and  are  filled  in  the  proper  spaces,  and  the  items  and 
totals  for  the  year,  as  far  as  it  has  gone,  are  directly  comparable 
with  the  corresponding  estimates ;  and  right  here  the  manager 
has  a  chance  to  earn  his  salary  by  managing.  This  method 
gives  him  eleven  more  chances  and  eleven  months'  time  for 
remedies. 

Answering  the  proper  objection,  that  selling  prices  are  not 
made  by  ascertaining  the  value  of  material  and  labor  and  adding 
a  percentage,  but  by  competition,  it  is.  nevertheless  true  that 
unless  the  value  of  material  and  labor  will  admit  of  the  addition 
of  the  percentiles  proved  to  be  necessary  by  the  annual  esti- 
mate, without  making  the  selling  price  so  high  as  to  keep  the 
goods  out  of  the  market,  then  the  end  of  the  year  will  show  a 
deficit.  When  it  is  found  that  a  selling  price  arrived  at  by  this 
method  is  too  high,  the  obvious  remedy  is  to  reduce  the  amount 
(not  necessarily  the  rate)  paid  for  labor  or  material  until  they 
will  bear  the  addition  of  the  necessary  percentage  without 
throwing  the  article  out  of  the  market.  It  is  clear  that,  other 
things  being  equal,  twice  the  producing  force  will  require  but 
one-half  of  the  percentage  to  be  added.  It  is  also  clear  that  a 
reduction  in  the  total  expenditure,  or  an  increase  in  any  items 
of  receipts,  will  reduce  the  percentage  necessary  to  be  added. 
This  gives  the  manager  a  definite  method  of  making  readjust- 
ments, as  he  obtains  results  of  actual  business  as  the  year 
advances.  In  this  method  one  assumption  is  necessary,  but  it 
is  a  fair  one,  viz.,  that  the  employment  of  a  certain  number  of 
dollars'  worth  of  productive  labor  produces  a  corresponding 
value  of  product  plus  the  percentage  shown  to  be  necessary  by 
the  estimate.  The  manager  must  secure  this  result.  In  other 
words,  every  dollar  paid  to  producers  plus  the  required  percent- 
age must  be  charged  to  the  product  (this  together  with  the  plant 
charge  and  material  plus  its  percentage),  must  be  the  real  value 
15 
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of  the  product,  sold  or  unsold,  and  all  things  must  be  adjusted 
to  this  end. 

TABLE  I. 

Annual  Estimate. 

Assume  Capital  |100,000. 

A««««i  P«^  w^ii  i  Producers,  $26,000. 
Annual  Pay  Roll  j  ^^on-Producers,  $25,000. 


ESTIXATEn  R«CEIPT8. 


Ej»tiiiated  Expenditubbs. 


a— Fixed  Income $600jProfit $10,000 

fr— Interest 400. Losses 50O 

c— Plant  Charge 5,000  Renewals 2,000 

d— Material  and  Mdse 75,000  Depreciation 2,000 

c— 20^  to  Material  and  Mdse. . .      15.000  Producers'  Waees 25,000 

/—Producers'  Wages 25,000]Non-Producer8'^ Wages 25.000 

'Mnterial  and  Mdse 75.000 

121 ,000  General  Expense 10.000 

^—140^  to  Pmdncers'                                  Stable  and  Hauling 50O 

Wages  to  Balance 85,000  Printing  and  Stationery 800 

Freight  and  Express 500 

Advertising l.OOO 

Postage. 200 

Insurance 1,000 

Commissions 200 

Interest  and  Discounts 800 

Charity 200 

Legal 800 

Fuel 500 

Contingent 1,000 


$156,000 


$156,000 


DISCUSSION. 

Mr.  W.  S,  Rogers, — There  is  a  great  deal  of  important  matter 
in  these  few  pages  of  deep  concern  to  the  manager's  private 
office.  Everything  in  these  columns  is  exactly  what  the  manager 
and  directors  desire  to  know,  but  the  article  either  does  not  go 
quite  far  enough  or  has  gone  too  far.  It  does  not  touch  the  shop 
or  manufacturing  department.  The  method  of  reaching  the 
deductions  shown  in  the  monthly  balances  has  not  been  told,  and 
consequently  the  engineer  cutting  down  costs  learns  nothing  of 
the  details  leading  to  this  perfect  array  of  costs  in  general.  It  is 
a  nice  thing  for  the  manager  to  call  the  superintendent  in  on  the 
carpet  and  inform  him  that,  "Last  month  we  ran  behind  our  esti- 
mates."    He  is  a  whipped  dog  instantly.     He  knows  and  feels. 
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because  it  is  now  too  late  to  even  wonder  where  loss  leaked  away, 
and  he  goes  out  and  gets  even  on  the  foremen  (laughter),  and  the 
foremen  get  even  again  on  the  men  (laughter),  and  all  accounts 
are  squared  for  the  time  being,  but  nobody  has  found  the  many 
little  leaks  which  helped  make  the  loss.  The  ideal  system  of  fac- 
tory costs  is  one  by  which  the  superintendent  can  call  his  fore- 
man's attention  to  the  little  leaks  on  the  very  day  when  they 
occur,  and  where  he  can  know  at  six  o'clock  at  night  whether  he 
earned  a  dollar  for  the  company  or  lost  one  and  the  exact  spot 
where  it  was  lost,  too,  that  he  may  regain  it  the  next  day.  The 
mechanical  engineer  and  superintendent  to  succeed  in  the  present 
day  must  know  as  much  concerning  finance  as  he  does  about  gear- 
ing and  shop  appliances  or  he  is  a  failure.  Some  may  think  the 
ideal  just  mentioned  is  but  a  dream,  but  with  us  it  is  cold  fact.  I 
do  not  care  whether  our  company  lost  a  million  dollars. or  a  cent 
last  year,  but  I  want  to  know  and  do  know  whether  I  am  behind 
or  ahead  of  previous  records  of  machine  costs  every  day,  and  our 
president  can  have  this  information  from  my  office  at  any  hour  he 
chooses  to  ask  for  it.  The  problem  is  easy,  and  is  based  on  the 
rate  per  hour  for  actual  producing  labor  employed  in  building  each 
line  of  goods.  If  we  are  building  a  lot  of  six  machines,  we  know 
that  the  previous  lot  was  completed  in  4,800  hours  total  labor  at 
a  rate  of  IT^V  cents  per  hour.  By  new  special  tools  we  have 
shortened  this  time,  and  a  limit  is  fixed  for  this  lot  of  4,000  hours 
on  a  basis  of  16J  cents  per  hour.  Every  day  this  time  is  aver- 
aged, and  should  my  cost  clerk  inform  me  that  the  costs  per  hour 
had  varied  from  16^  cents  to  16f  cents  per  hour  in  two  days  the 
foreman  is  shown  his  leak  at  once  and  steps  are  taken  to  recover 
the  lost  values.  The  cost  accounting  plan  which  will  discover  the 
many  little  wasted  minutes  in  producing  time  at  the  moment  of 
occurrence  is  the  true  ideal,  and  the  results  given  in  this  paper  show 
it  to  be  in  the  right  direction.  But  we  want  more  of  the  details 
by  which  they  were  gained. 

There  is  one  item  in  this  paper  to  which  I  desire  to  call  j^our 
attention,  as  it  illustrates  how  we  always  do  things  in  Cincinnati. 
I  would  also  like  to  ask  you  gentlemen  who  are  now  busy  making 
up  your  estimate  sheets  for  the  coming  year,  did  you  ever  give 
one  single  thought  to  the  "charity  column"?  (Laughter  and 
applause.) 
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DCCXII.* 

FRICTION  HORSE'POWER  IN  FACTORIES. 

BT  C.  U.  BBNJAMIM,  OLBYXLAND,  O. 

During  the  winter  of  1896-96  a  series  of  experiments  were 
made  un^ier  the  direction  of  the  writer  by  Messrs.  McAllister 
and  Morley,  of  the  Case  School  of  Applied  Science,  to  determine 
the  ratio  of  the  power  required  to  drive  shafting  and  belts  in 
various  factories  in  this  city  to  the  total  power  consumed. 

In  the  course  of  these  investigations  visits  were  made  to 
sixteen  dififerent  establishments,  comprising  rolling  and  stamp- 
ing mills,  bridge  works,  general  machine  works,  and  screw 
factories. 

The  general  routine  of  the  investigation  in  each  shop  was 
about  as  follows: 

Indicator  cards  were  taken  from  the  engine  during  the  day, 
at  intervals  of  about  one  hour,  while  the  factory  was  in  full 
operation.  During  the  noon  hour  or  after  working  hours  at 
night  cards  were  taken  from  the  same  engine  when  it  was 
driving  line  and  counter  shafts  only,  no  machines  being  in 
operation. 

Averages  of  these  two  sets  of  cards  were  assumed  to  show 
respectively  the  total  horse-power  and  the  friction  horse-power 
in  that  establishment. 

During  the  day  the  observers  measured  the  lengths,  diame- 
ters, and  speeds  of  rotation  of  the  line  shafts,  estimated  the 
number  and  lengths  of  bearings,  and  noted  the  method  of  oiling. 
They  also  counted  the  belts  running  from  line  shafts  and  esti- 
mated their  widths  and  the  average  diameter  of  pulleys. 

The  number  of  counter  shafts  was  noted  and  the  number  and 
character  of  machines  in  operation. 

As  far  as  possible  an  estimate  was  made  of  the  actual  num- 
ber of  men  at  work  with  machines  during  the  day. 

*  Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
TransacHoTiB. 
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These  are  the  data  which  seemed  to  the  writer  most  likely  to 
be  useful  in  determining  the  power  consumed  under  various 
conditions,  and  while  a  great  degree  of  accuracy  in  all  the 
estimates  was  not  practicable,  the  average  results  will  be 
reasonably  close  to  the  truth. 

The  tabular  form  is  best  adapted  to  comparisons  of  this 
nature,  and  the  following  tables  are  largely  self-explanatory. 


TABLE  I. 
Data. 


No. 


4 
5 
6 

7 
8 

9 

10 

11 

12 

18 
14 

15 
16 


Nature  of  Work. 


{Wire    Drawing    and*) 
Polishing.  f 

Steel  Stamping  and  Pol- 

iflbing 

Boiler  and  Machine 
Work 

Bridge  Machinery 

Heavy  Machine  Work. 

Heavy  Machine  Work . 

Light  Machine  Work.. 

Manufacture  of  Small 
Tools 

Manufacture  of  Small 
Tools 

Sewing  Machines  and 
Bicycles 

Sewing  Machines 

!  Screw  Machines  and) 
Screws.  ) 

Steel  Wood-Screws. . . 

Manufacture   of    Steel 

Nails 

Planing  Mill 

Light  Machine  Work. . 


1130 

580 

530 
1460 
1120 
1065 

748 

500 

990 

2490 
1472 

1800 

674 


165 
275 


OS. 

s 


3i2| 
4  6 

3  3i 

2^  3 
2h  3 
4 
3 

2  3 
4 

li  IJ 
2  3 

2  3 

2i  1} 

2  6 
2  3 
4 
2  2i 

2}  3 
U  2 
3 

2i 

3 

2 


p2 

li 


170 

200 

150 

110 

190 
180  150 
150 
135  135 
135  150 

114 

175  136 

150 

160  160 

125 

180 

175  160 
175 

200 
267 
175 


4 

5 

6 

7 

ll 

o 

s 

1 

ll 

< 

O  O 

115 

89 

4 

69 

68 

28 

6 

27 

46 

53 

5i 

47 

142 

92 

4A 

79 

110 

141 

4 

96 

114 

192 

4 

152 

101 

217 

8 

133 

58 

335 

y  314 

102 

217 

3 

202 

274 

521 

3 

403 

184 

484 

3 

435 

180 

486 

3 

392 

96 

131 

4 

89 

74 
19 
37 

187 
45 

48 

3 
6 
4 

175 
40 

27| 
1 

18 

43 

69 

68 

123 

250 

313 
258 


78 

152 

80 

300 

225 

200 

226 
100 


454  400 
179  350 

428.  320 

392  140 


184 
53 
30 


58 
8 
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TABLE    II. 


Number. 

m 

1 

400 

2 

74 

3 

88.6 

4: :!:::::.:::;;.: 

59  2 

5     

112 

6 

168 

Average, 
work.. 

heavy  machine 

7 

40  4 

8 

74  3 

9 

47.2 

10 

190 

11 

107 

12 

241 

Average,  light  machine 
work 

13 

117 

14 
15 
16. 


91.6 
89.2 

8.28 


2 

8 

O    K 

a^ 

li 

II 

£5 

|> 

248 

157 

17 

57 

13.3 

25.3 

11.3 

47.9 

48 

64 

77 

91 

19.7 
84.3 
22.7 
82 
82.5 
127 


100 
45.9 
10.6 
4.26 


62.3 


Running  at  What 
Capacity. 


20.7 

51.2 

40 

53.8 

24.5 

51.8 

L08 

56.9 

74  5 

69.7 

114 

47.8 

66.1 

17 

14.5 

45.7 

49.9 

28.6 

73 

4.02 

48.6 

One-half. 

One-third. 

Two-thirds. 

Nearly  full. 

Full. 

Full. 


Full. 
Full. 
Full. 
Full. 
Full. 
Full. 


One-fourth. 
Full. 
Full. 
One-half. 
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TABLE   III. 
Fbiction  Horse-Power. 


1 


No. 


1 

2 

Average. 

3 

4 

5 >. 

« 

Average. 

7 

8 

9 

10 

11 

12 

Average. 

18 

14 

15 

16 


H 

B3^ 


u 

9.84 

11.92 

4.77 
8  28 
5.70 
8.55 

5.57 

2.75 

8. 

2.49 

4.86 

5.08 

6.83 

4.88 

2.53 

4.62 

17.84 

1.46 


Hi 


.580 
.852 

.466 

.205 
.137    I 
.233     , 
.806.1 

.22      I 

.276 
.400 
.233 
.430 
134 
.381 


.109 
.278 
.729 
.138 


8    . 

a   -S 

.10 
.059 

.08 

4 

5 

1          6 

l^ 

h 

t 

(^  = 

^1 

a 

1.87 

2.28 

:  1.76 

.84 

2.11 

2.40 

1.10 

2.19 

1    2.08 

.04 
.04 
.038 
.06 

.044 

.084 

.09 

.03 

.05 

.084 

.05 

.048 

.02      1 
.035     i 

.08 


.550 
.887 
.581 
.799 

.567 

.204 
.689 
.240 
.397 
.406 


.428 

.178 
.615 
1.52 


.015     I      .109 


.538 
.606 
.665 
.600 

.602 

.155 
.127 
.121 
.269 
.172 
.291 

.189 

.191 
.260 
.715 
.749 


.50 
.33 

.415 


,477 

.10 

.521 

.20 

.458 

.10 

.475 

.15 

.481 

.14 

.095 

.04 

.119 

.06 

.113 

.04 

.208 

.09 

.154 

.05 

.235 

.09 

.154 

.062 

.130 

.04 

.244 

.07 

.636 

.08 

.084 

.02 
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TABLE  IV. 
Useful  Horse-Powbr. 


No. 

1 

3 

Uselbl  H.  P.  per  machine. 

Usefal  H.  P.  per  man. 

3 

4 

.310 
.164 
.707 
.627 

.452 

.790 
.109 
.881 
.180 
.181 
.296 

.406 

.256 
.251 
.200 
.142 

.877 
.142 

5 

.160 

6 

.342 

Average 

7 

.380 
.099 

8 

.152 

9 

.227 

10 

.204 

H 

.093 

12 

.396 

Average 

13 

.195 
.717 

14 

15 

.792 
1.326 

16 

• 

EXPLANATIONS. 

Table  I.  gives  simply  the  data  on  which  were  based  the  cal- 
culations with  regard  to  each  factory.  In  all  the  tables  the 
establishments  are  arranged  according  to  the  character  of  the 
work  done  in  each. 

Table  11.  shows  how  the  horse-power  was  divided  between  the 
machinery  and  the  shafting  and  belts.     The  figures  in  column. 

3  include  the  power  required  to  overcome  the  friction  of  the 
engine  itself  and  that  of  all  the  shafting  and  counters,  as  iu 
most  cases  it  was  impracticable  to  determine  these  separately. 

If  a  deduction  of  10  be  made  from  the  percentages  in  column 

4  they  would  then  show  approximately  the  power  required  to 
drive  shafting  and  counters  alone. 

The  percentage  of  power  lost  in  overcoming  friction  depends 
more  upon  the  arrangement  of  the  shafting  and  machinery  than 
upon  the  particular  character  of  the  work  done,  as  may  readily 
be  seen  from  column  4  For  instance,  in  the  case  of  Works 
No.  4  there  are  two  one-story  buildings,  covering  considerable 
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territory  and  containing  machinery  distributed  at  wide  inter- 
vals. The  power  is  transmitted  from  one  shop  to  the  other  by 
a  long  shaft,  and  there  are  numerous  transverse  shafts  driven 
by  bevel  gears. 

This  would  seem  to  be  one  of  those  cases  where  electrical 
transmission  would  be  a  good  investment. 

A  somewhat  similar  condition  of  things  exists  in  Works  No. 
3.  The  record  of  the  shafting  at  Works  No.  13  is  remarkable, 
especially  when  it  is  noted  that  the  works  were  running  at  only 
one-quarter  their  capacity. 

As  the  machinery  is  of  the  automatic  type,  very  compactly 
arranged,  the  conditions  are  about  the  same  as  in  several  other 
shops  visited  ;  but  an  inspection  of  the  shafting  shows  that  great 
care  has  been  exercised  in  its  construction  and  operation.  It 
is  in  perfect  alignment,  runs  in  cast  iron  boxes  without  babbitt 
metal,  and  supported  by  unusually  rigid  hangers,  while  it  is 
oiled  by  hand  instead  of  by  wick-oilers. 

That  these  conditions  do  not  always  obtain  is  shown  by  the 
remark  made  to  the  writer  by  the  superintendent  of  one  of  the 
establishments  visited,  who  said  that  he  wished  the  test  could 
be  repeated,  as  after  the  first  visit  he  had  examined  his  line 
shafting  and  found  that  one  length  was  about  three  inches  out 
of  line. 

In  Table  m.  the  friction  horse-power  alone  is  used,  and  is 
divided  in  different  ways  in  the  endeavor  to  determine  on  what 
factors  it  most  depends. 

Columns  1  and  2  show  a  wide  variation  in  different  factories, 
since  the  work  of  friction  is  dependent  on  speed  as  much  as  on 
pressure. 

Column  3  is  more  uniform.  In  this  case  the  friction  horse- 
power was  divided  by  the  number  of  hundreds  of  square  feet  of 
shafting  surface  passing  a  given  line  in  a  minute,  in  much  the 
same  manner  as  the  horse-power  of  belting  is  often  calculated. 
With  one  or  two  exceptions  the  figures  in  this  column  are  nearly 
the  same  throughout,  the  general  average  for  heavy  and  light 
machinery  being  about  .046  horse-power  per  hundred  square 
feet. 

The  horse-power  per  bearing  as  shown  in  column  4  is  nearly 
as  great  for  light  machinery  as  for  heavy,  probably  on  account 
of  the  greater  speed  of  the  former. 

In  columns  5  and  6  the  friction  horse-power  per  counter  shaft 
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TABLE  IV. 
Useful  Horse-Powbr. 


No. 

1 

3 

UseHil  H.  P.  per  m»chine. 

Ueeful  fl.  P.  per  man. 

3 

4 

.810 
.164 
.707 
.627 

.452 

.790 
.109 
.881 
.180 
.181 
.296 

.406 

.256 
.251 
.200 
.142 

.877 
.142 

5 

.160 

6 

.342 

Average 

7 

.380 
.099 

8 

.152 

9 

.227 

10 

.204 

11 

.093 

12 

.396 

Average 

13 

.195 

.717 

14 

15  

.792 
1.826 

16 

• 

EXPLANATIONS. 

Table  I.  gives  simply  the  data  on  which  were  based  the  cal- 
culations with  regard  to  each  factory.  In  all  the  tables  the 
establishments  are  arranged  according  to  the  character  of  the 
work  done  in  each. 

Table  11.  shows  how  the  horse-power  was  divided  between  the 
machinery  and  the  shafting  and  belts.     The  figures  in  column 

3  include  the  power  required  to  overcome  the  friction  of  the 
engine  itself  and  that  of  all  the  shafting  and  counters,  as  in 
most  cases  it  was  impracticable  to  determine  these  separately. 

If  a  deduction  of  10  be  made  from  the  percentages  in  column 

4  they  would  then  show  approximately  the  power  required  to 
drive  shafting  and  counters  alone. 

The  percentage  of  power  lost  in  overcoming  friction  depends 
more  upon  the  arrangement  of  the  shafting  and  machinery  than 
upon  the  particular  character  of  the  work  done,  as  may  readily 
be  seen  from  column  4.  For  instance,  in  the  case  of  Works 
No.  4  there  are  two  one-story  buildings,  covering  considerable 
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territory  and  containing  machinery  distributed  at  wide  inter- 
vals. The  power  is  transmitted  from  one  shop  to  the  other  by 
a  long  shaft,  and  there  are  numerous  transverse  shafts  driven 
by  bevel  gears. 

This  would  seem  to  be  one  of  those  cases  where  electrical 
transmission  would  be  a  good  investment. 

A  somewhat  similar  condition  of  things  exists  in  Works  No. 
3.  The  record  of  the  shafting  at  Works  No.  13  is  remarkable, 
especially  when  it  is  noted  that  the  works  were  running  at  only 
one-quarter  their  capacity. 

As  the  machinery  is  of  the  automatic  type,  very  compactly 
arranged,  the  conditions  are  about  the  same  as  in  several  other 
shops  visited  ;  but  an  inspection  of  the  shafting  shows  that  great 
care  has  been  exercised  in  its  construction  and  operation.  It 
is  in  perfect  alignment,  runs  in  cast  iron  boxes  without  babbitt 
metal,  and  supported  by  unusually  rigid  hangers,  while  it  is 
oiled  by  hand  instead  of  by  wick-oilers. 

That  these  conditi(Mis  do  not  always  obtain  is  shown  by  the 
remark  made  to  the  writer  by  the  superintendent  of  one  of  the 
establishments  visited,  who  said  that  he  wished  the  test  could 
be  repeated,  as  after  the  first  visit  he  had  examined  his  line 
shafting  and  found  that  one  length  was  about  three  inches  out 
of  line. 

In  Table  HL  the  friction  horse-power  alone  is  used,  and  is 
divided  in  different  ways  in  the  endeavor  to  determine  on  what 
factors  it  most  depends. 

Columns  1  and  2  show  a  wide  variation  in  different  factories, 
since  the  work  of  friction  is  dependent  on  speed  as  much  as  on 
pressure. 

Column  3  is  more  uniform.  In  this  case  the  friction  horse- 
power was  divided  by  the  number  of  hundreds  of  square  feet  of 
shafting  surface  passing  a  given  line  in  a  minute,  in  much  the 
same  manner  as  the  horse-power  of  belting  is  often  calculated. 
With  one  or  two  exceptions  the  figures  in  this  column  are  nearly 
the  same  throughout,  the  general  average  for  heavy  and  light 
machinery  being  about  .046  horse-power  per  hundred  square 
feet. 

The  horse-power  per  bearing  as  shown  in  column  4  is  nearly 
as  great  for  light  machinery  as  for  heavy,  probably  on  account 
of  the  greater  speed  of  the  former. 

In  columns  5  and  6  the  friction  horse-power  per  counter  shaft 
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and  per  belt  runs  quite  uniformly  in  the  two  classes  of  heavy 
and  of  light  machinery,  being  about  three  times  as  much  in  the 
former  case  as  in  the  latter.  It  seems  to  the  writer  that  either 
of  these  would  offer  a  convenient  and  reasonably  accurate 
method  of  estimating  the  horse-power  required  to  run  shafting 
and  belts  in  ordinary  situations. 

The  results  in  column  7  are  more  or  less  approximate,  since 
the  average  size  of  the  pulleys  was  rather  roughly  estimated  ; 
but  they  are  as  uniform  as  could  be  expected.  The  heavier 
duty  per  square  foot  of  belt  in  the  four  heavy  machinery  estab- 
lishments is  partly  due  to  the  fact  that  the  belts  were  thicker 
and  required  more  power  in  bending. 

The  results  in  Table  IV.  were  worked  out  from  the  useful 
horse-power  or  that  required  to  drive  the  machines  alone,  more 
as  a  matter  of  curiosity  than  with  any  expectation  that  they 
would  be  useful. 

The  figures  in  column  1  are  not  nearly  as  uniform  as  those 
for  shafting  in  Table  m.,  since  machines  vary  much  more  widely 
in  construction  than  do  line  and  counter  shafts.  In  fact,  it  is 
not  possible  to  give  any  average  or  state  any  rule  which  would  be 
of  value  in  special  cases.  The  same  may  be  said  of  the  results 
in  column  2,  which  show  that  any  rule  for  estimating  horse- 
power from  the  number  of  men  employed  would  have  a  very 
narrow  application. 

CONCLUSIONS. 

One  would  naturally  inquire,  after  looking  at  the  averages  in 
Table  11.,  if  it  is  necessary  that  from  55  to  65  per  cent,  of  the 
power  generated  by  the  engine  should  be  absorbed  before  the 
machines  are  reached. 

The  isolated  case  of  Works  No.  13  would  seem  to  answer  this 
question. 

One  explanation  of  the  large  loss  by  friction  in  many  shops  is 
the  fact  that  economizing  in  either  quantity  or  quality  of  oil 
has  at  once  a  favorable  effect  on  the  bills,  while  the  correspond- 
ing increase  in  coal  and  water  consumption  may  be  unnoticed 
or  attributed  to  other  causes.  Thi*  is  a  case  of  saving  at  the 
spigot  and  wasting  at  the  bung. 

Where  the  loss  is  due  to  a  necessarily  extended  and  compli- 
cated system  of  shafting,  it  would  be  wise  to  determine  if  electri- 
cal transmission  of  the  power  would  not  be  cheaper  in  the  end. 


FRICTION   HORSK-POWKR  IN  FACTORIES.  235 

No  doubt  it  is  true  that  to-day  the  question  of  time  is  more 
important  than  that  of  power,  and  that,  in  the  endeavor  to  get 
the  most  product  per  machine  and  per  man,  the  minor  subject 
of  coal  and  water  consumption  has  been  overlooked.  This  is, 
however,  the  age  of  small  economies — economies  which  would 
have  been  laughed  at  a  generation  ago,  and  no  manufacturer 
can  afford  to  neglect  the  losses  shown  in  these  experiments. 

It  seems  to  the  writer  that  in  ordinary  machinery  establish- 
ments an  observance  of  the  following  rules  might  effect  a  saving 
that  would  be  noticeable  in  the  annual  balance. 

1.  Use  pulleys  of  lai^  diameter  on  counters  and  narrow  fast- 
running  belts. 

2.  Use  nothing  but  the  best  oil  and  plenty  of  it,  catching  all 
drip,  and  either  purifying  it  or  using  it  for  some  other  purpose. 

3.  Have  all  the  shafting  and  counters  oiled  regxdarly,  and  do 
not  depend  too  much  on  automatic  oiling. 

4.  Inspect  line  shafts  from  time  to  time,  and  see  that  they  are 
in  line  and  can  be  turned  easily. 

Many  line^haft  boxes  bind  at  the  sides  when  screwed  down, 
sometimes  increasing  the  turning  moment  a  hundred  per  ceni 

DISCUSSION. 

Mr.  Samud  Weliber. — I  have  been  much  interested  in  the 
results  of  Mr.  Benjamin^s  experiments,  and  agree  most  fully 
with  him  in  his  final  conclusions,  which  are,  after  all,  only  the 
rules  established  and  carried  out  in  all  the  large  cotton  mills  in 
New  England,  where  the  subject  of  transmission  of  power  has 
long  been  a  study. 

The  "  Exceptional  Case,"  No.  13,  of  which  he  speaks,  agrees 
almost  exactly  with  the  results  obtained  by  me  in  a  large  num- 
ber of  those  mills  between  1870  and  1880,  and  which  I  spoke  of 
at  the  Boston  meeting  of  the  Society  in  1885.* 

The  fact  is,  our  millwrights  still  adhere  too  pertinaciously  to 

old  and  obsolete  rules,  and  the  old  formula,  H.  P.  =  (  —  -  .> —    j , 
is  yet  published ;  while  the  experiments  of  Mr.  Francis,  pub- 


lished   many  years  since,  show  that  H.  P.  =  ( 

ample  for  prime  movers,  subject  to  the  strain  of  gears  or  cross- 
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*  Transactions  A.  S,  M,  E,,  Vol.  Vll.,  p.  138.  No.  lUl. 
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belts,  and  H.  P.  =  ( — ^^-= j  is  sufficient  for  mere  transmis- 
sion of  power,  if  no  side  strains  are  involved.  Further,  with  cold- 
rolled  shafting  even  these  denominators  may  be  reduced  one- 
third. 

I  think  the  results  of  the  tables  are  very  strong  arguments  in 
favor  of  electric  transmission  where  the  machines  are  isolated 
or  widely  distributed  over  a  large  area. 

I  am  a  little  at  a  loss  to  see  how  "Useful  Horse-Power 
Machine  "  No.  8,  in  Table  IV.,  should  be  so  much  less  than  in 
per  Nos.  7  and  9,  apparently  on  similar  styles  of  work. 

An  accurate  measure  by  dynamometer  of  the  power  required 
by  each  machine,  is  a  useful  check  on  any  tables  made  up  from 
the  deductions  from  indicator  cards. 

I  began  my  own  experiments  on  increasing  speeds  and  reduc- 
ing diameters  of  shafts  in  1853,  and  since  then  others  have  car- 
ried them  so  far  that  they  have  been  obliged  to  put  fly-wheels  on 
their  shafts  to  equalize  the  motion  to  the  machines,  and  there 
is  little  line  shafting  put  up  now  less  than  If  or  1|  in  diameter. 

Mr,  J.  J.  FkUher, — The  paper  on  this  subject  by  Professor 
Benjamin  is  timely,  and  contains  much  valuable  information 
regarding  the  loss  of  power  due  to  shafting  and  belts.  While 
the  steam-engine  indicator  may  not  be  entirely  reliable  in  those 
cases  where  small  differences  are  measured,  as,  for  instance,  in 
No.  16  of  the  table,  and  possibly  No.  13,  yet,  as  the  author  states, 
the  average  results  may  be  considered  reasonably  close  to  the 
truth. 

The  values  of  the  ratio  of  friction  horse-power  to  total  power 
(Table  11.)  agree  fairly  well  with  those  observed  by  the  writer  in 
numerous  cases,  but  are,  on  the  whole,  somewhat  higher ;  how- 
ever, as  will  be  shown  presently,  the  values  given  by  Professor 
Benjamin  are  none  too  high  when  the  average  time  of  operation 
of  the  machinery  is  taken  into  account.  For  average  light 
machine  work,  with  shafting  in  fair  condition,  I  assume  that  from 
30  to  40  per  cent,  of  the  total  power  is  expended  in  overcoming 
the  friction  of  shafting  and  belting ;  on  the  other  hand,  for  heavy 
machinery  this  loss  will  probably  average  from  40  to  50  per  cent. 

In  these  cases  it  is  assumed  that  the  shafting  is  in  fair  align- 
ment and  properly  lubricated,  having  its  hangers  sufficiently 
close  to  each  other  to  prevent  undue  deflection  under  working 
conditions  ;  it  is  also  assumed  that  the  belting  is  not  unneces- 
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sarilj  tight.  Departures  from  ttiese  oonditions  will  inerease  or 
decrease  ttie  assumed  friction  loss,  depending  upon  the  degree 
of  perfection  attained  in  the  erection  and  maintenance  of  the 
shafting. 

Other  features  which  will  affect  this  loss  are  the  extent  of 
territory  covered  by  the  machinery  and  the  nearness  to  the 
engine  or  motive  power.  In  ttiose  cases  where  the  power  is 
transmitted  a  considerable  distance  by  means  of  belts  and  shaft- 
ing, the  loss  in  friction  is  very  great.  In  one  case,  that  of  the 
railway  of  Northern  France,  the  loss  in  transmission  is  93  per 
cent  At  the  Baldwin  Locomotive  works  2,000  horse-power  was 
used  (1889)  to  drive  the  shafting,  and  only  500  horse-power  was 
delivered  to  the  machines. 

The  results  in  Table  lY.  are  such  as  one  might  expect,  and  are 
of  no  practical  value  either  to  determine  the  horse-power  from 
the  number  of  men  employed,  or,  vice  versay  to  obtain  an  esti- 
mate of  the  number  of  men  employed  from  the  horse-power 
furnished. 

The  continuity  of  operation  is  a  factor  which  lai^ly  affects 
the  friction  loss.  In  some  lines  of  manufacturing,  the  machinery 
is  in  constant  operation,  and  the  loss  in  transmission,  as  deter- 
mined by  the  usual  methods,  is  practically  a  constant  per  cent 
of  the  total  power  expended  in  operating  the  whole  machinery ; 
but  in  the  average  machine  shop,  year  in  and  year  out,  I  think  we 
shall  find  only  about  one-half  of  the  machines  in  opei*ation  con- 
tinuously or  carrying  their  full  load  continuously  ;  therefore,  if 
the  friction  horse-power  be,  say,  40  per  cent  of  the  full  load 
with  all  the  machines  in  operation,  there  will  be  an  average 
loss  of  about  60  per  cent,  under  ordinary  working  conditions, 
when  the  time  element  is  considered.  In  the  same  way,  if  the 
friction  horse-power  be  50  per  cent,  of  the  total,  we  shall  have  a 
loss,  under  partial  operation,  of  about  70  per  cent  of  the  power 
expended.  Load  curves  obtained  from  tests  made  by  the  writer 
in  a  number  of  shops  in  which  readings  were  taken  every  five 
minutes,  show  that  these  figures  are  very  close  to  actual  condi- 
tions. The  useful  horse-power  fluctuates  with  the  number  of 
machines  in  operation  and  the  load  carried  by  each,  but  the 
averf^e  is  surprisingly  small  as  compared  with  the  maximum. 
It  will  be  noticed  in  Professor  Benjamin's  paper  that  full  load 
measurements  were  taken  about  every  hour,  and  the  average  of 
these  was  assumed  to  represent  the  average  load  on  the  engine. 
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The  percentage  found  by  dividing  the  friction  horse-power 
(obtained  when  running  Ught)  by  the  average  thus  determined^ 
approximates  very  closely  to  the  values  given  above,  and  may 
be  taken,  in  the  opinion  of  the  writer,  as  fairly  representative. 

In  most  of  the  cases  shown  in  Professor  Benjamin's  paper  the 
works  were  running  full,  which  would  indicate  that  the  average 
friction  loss  throughout  the  year  would  probably  be  in  excess 
of  that  here  given. 

Jlr.  Ohds.  B.  Manning. — ^I  think  that  the  facts  of  No.  3  are 
sufficient  commentary  on  the  condition  of  affairs  in  the  rest  of 
the  establishments  to  bring  out  the  fact— which  is  a  fact — that 
as  long  as  a  line  of  shafting  will  turn  around  without  melting 
out  any  of  the  boxes  or  pulling  any  of  the  hangers  down,  people 
are  very  apt  to  allow  it  tp  go  on,  no  matter  whether  it  is  in 
line  or  not.  Of  course  in  machine  shops  where  there  are  large 
machine  tools,  there  is  a  large  proportion  of  shafting  to  each 
tool,  and  that  is  a  strong  argument  in  favor  of  independent  elec- 
trical drives  for  all  large  tools  in  large  shops.  I  think  there 
is  no  question  that  most  of  the  establishments  spoken  of  here 
could  afford,  even  at  the  high  first  cost,  to  put  in  independent 
motors  for  their  different  machines  ;  that  there  is  a  very  large 
portion  of  the  power  taken  up  in  all  large  works  by  the  shaft- 
ing is  certain,  but  that  it  is  necessary  is  questionable.  In  the 
large  cotton  mills  the  shafting  never  should  absorb  more  than 
85  per  cent,  of  the  total  power;  that  is,  the  loaded  friction. 
There  is  considerable  difference  between  the  unloaded  fric- 
tion and  the  loaded  friction  of  a  shaft.  These  trials  were  all 
taken  with  the  unloaded  friction  of  the  shaft ;  that  is,  the  shaft 
not  driving  any  work.  When  the  shaft  is  doing  its  work  there 
is  a  still  larger  percentage  of  power  expended,  of  course,  in 
turning  the  shafting.  That  was  not  recognized  in  this  paper. 
The  result  of  No.  13  is  an  excellent  result,  and  abo^t  what  it 
should  be  where  there  is  a  fair  proportion  of  machinery  to  the 
amount  of  shafting  which  is  required  to  run  it.  With  new  shaft- 
ing, after  it  has  got  worn  to  its  bearings  for  a  large  mill,  about 
15  per  cent,  is  a  fair  allowance  for  the  unloaded  friction  of  the 
engine  and  shafting.  Where  it  exceeds  that,  it  is  time  to  look 
around  and  line  shafting  up  a  little. 

Mr.  Ralph  E,  Curtis. — This  subject  has  just  suggested  an 
inquiry  to  me,  and  I  would  like  to  ask  the  members  if  any  of 
them  have  had  any  experience  on  one  point.     Some  years  ago 


FRICTION   HORSE-POWER   IN   FACTORIES.  239 

there  was  exploited,  and  I  think  presented  at  this  Society,  a 
system  of  journals  which,  from  the  economy  of  lubrication  and 
power,  from  the  small  attention  required,  the  small  trouble 
from  wear,  seemed  to  promise  great  things.  We  were  given  to 
understand  that  it  had  been  used  a  good  deal  with  factory 
spindles,  and  somewhat  for  transmission  of  power  in  factories. 
I  refer  to  what  is  known  as  the  fibre  graphite  system.*  Since 
that  time  I  have  not  chanced  to  come  across  anybody  who  has 
had  any  experience  with  that,  and  if  there  is  anybody  here  who 
has  any  data  on  that  point,  or  can  tell  where  they  can  be  found, 
I  should  be  very  glad  to  know  of  it 

J//*.  Geo.  /.  Bockwood. — There  are  two  directions  in  which 
power  is  to  be  saved,  according  to  the  modern  idea  and  accord- 
ing to  Mr.  Benjamin  s  idea.  One  is  in  the  direction  of  inde- 
pendent electric  drives  for  every  room  and  every  heavy  machine, 
and  the  other  is  to  have  a  separate  steam  engine  on  every  line 
shaft.  I  think  the  last  is  a  custom  in  England  for  heavy 
machine-shop  work,  where  they  put  a  wall  engine  to  drive  one 
line  of  shafting,  and  they  do  not  care  anything  about  the 
economy  with  which  it  runs,  so  long  as  it  will  only  run.  I 
think  that  last  consideration  is  a  very  important  one  and  rules 
out  electrical  transmissions  for  many  cases  where  they  would 
seem  to  be  a  good  investment  We  rarely  think  of  putting 
in  a  dynamo  plant  for  lighting  a  factory  without  duplicating 
it.  If  we  do  not  duplicate  it,  we  connect  with  the  city  lines 
in  some  way.  But  we  cannot  pat  in  any  duplicate  electric 
drives  for  shafting,  and  consequently  we  have  not  the  reliability 
of  operation  to  fall  back  on  in  running  electric  apparatus  which 
we  have  in  connection  with  shafting,  and  it  is,  I  believe,  gener- 
ally admitted  that  it  is  far  more  important  that  shafting  should 
turn  over  than  it  is  that  it  should  turn  over  economically  for 
almost  all  business,  especially  in  the  class  of  business  referred 
to  in  this  paper.  The  subject  of  this  paper  is  **  Friction  Horse- 
Power  in  Factories."  I  think  it  should  be  better  "  Friction 
Horse-Power  in  the  Machine  Shop."  For  I  think  we  mean  by 
factory  a  different  class  of  shops  from  those  mentioned  here. 
These  are  shops  without  exception  where  mechanical  work  is  done. 

Mt\  Oherlin  Smith, — I  think  those  of  us  who  have  seen  some 
of  the  railroad  shops  in  England  will  corroborate  that  view. 
In  a  place  I  have  in  mind,  when  a  locomotive  is  worn  out  so 
*  Transactions  A.  S.  M.  E.,  Vol.  Xlll.,  p.  374,  No.  486. 


240  FRICTION   HORSE-POWER  IN   FACTORIEa 

that  it  is  good  for  nothing  else,  they  have  a  habit  of  taking  the 
framework  and  the  driver  axle  and  the  cylinders  and  the  rest  of 
the  engine  proper,  and  sticking  it  np  on  end  against  the  wall,  and 
coupling  it  direct  to  a  line  of  shafting,  with  the  usual  efficiency 
of  a  superannuated  locomotive.  With  regard  to  the  last  remark, 
that  there  is  is  not,  perhaps,  much  future  for  electrically 
driven  shafts,  I  beg  leave  to  differ  from  the  gentleman.  If  we 
are  going  to  have  shafting  at  all,  I  believe  that  the  coming  way 
will  be  to  have  electric  motors  on  each  shaft.  I  hope,  however, 
that  in  ordinary  cases  we'll  not  have  any  shafting,  but  will  put 
our  motors  right  on  each  machine.  This  is  xmdoubtedly  one  of 
the  growing  and  coming  methods  which  we  are  not  entirely 
ready  for  yet,  but  which  the  very  rapid  improvement  in  electric 
motors  is  gradually  bringing  nearer  to  us. 

Mr.  W.  A.  Pearson. — If  the  comparison  is  to  be  made  between 
driving  by  shafting,  or  by  separate  engines  on  the  shaft,  as  com- 
pared with  driving  by  electric  motors,  I  propose  to  put  myself 
on  record  for  the  electric  method.  The  wall  engine  may  be 
credited  with  an  economy  of  50  or  perhaps  100  pounds  of  water 
per  horse-power  per  hour,  while  the  generator  which  furnishes 
current  to  the  motor  from  any  well-designed  power  station 
ought  to  work  on  13  to  15  pounds  of  water,  leaving  the  difference 
available  to  offiset  any  difference  in  first  cost. 

I  claim  for  the  present  generators  and  motors  of  standard  type 
that  they  will  run  a  given  time  on  less  than  one-tenth  the  repairs 
which  will  be  required  on  a  steam  engine  of  the  same  power. 
Generators  and  motors  are  being  built  to-day  which  give  from  85 
per  cent  efficiency  at  half  load  to  90  or  92  per  cent,  at  full  load. 
The  day  has  gone  by  when  it  is  fair  to  accuse  electrical  trans- 
missions of  an  efficiency  between  40  and  50  per  cent 

Another  point  which  has  been  urged  against  the  electric  drive 
for  shops  has  been  the  necessity  for  a  great  reduction  of  speed. 
This  was  true  in  the  past,  but  improved  designs  have  brought 
about  a.  great  reduction  of  the  speed  of  the  motors  with  a  very 
small  increase  in  the  weight  and  cost  of  material.  "We  have  in 
our  shops  a  great  number  of  special  tools  with  little  motors  on 
them,  with  one  reduction,  without  any  belt ;  one  gear  drives  into 
another  as  you  drop  the  speed  of  a  lathe  spindle  by  the  back 
gear.  The  shafts  in  our  shops  run  from  150  to  200  revolutions 
per  minute.  It  is  not  much  of  a  reduction  from  a  motor  at  800 
revolutions. 
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J/r.  OberUn  Smith, — There  is  an  advantage  in  gearing  the  elec- 
tric motor  to  the  shaft  instead  of  stringing  it  on  the  line.  The 
power  should  be  applied  at  the  middle  of  a  shaft  at  any  length 
rather  than  at  one  end,  and  the  armature  should  be  readily  ac- 
cessible. I  think  most  of  our  shafting  runs  too  slowly.  While 
speeds  of  less  than  100  revolutions  are  disappearing,  yet  we  will 
save  by  speeding  up  further  yet  Moreover,  the  pulleys  on  our 
countershafts  should  be  of  larger  diameter,  so  as  to  speed  the 
belt  and  diminish  the  pull.  Much  line  shafting  might  be  run  at 
300  or  400  revolutions  per  minute,  and  then  a  motor  at  700  or 
800  revolutions  a  minute  could  be  connected  to  it  with  quiet 
gearing  and  moderate  reduction. 

Mr.  Pearson. — ^I  do  not  wish  to  be  understood  as  holding  the 
opinion  that  the  steam  engine  is  in  any  danger  of  being  sup- 
planted. I  think  all  will  agree  with  me  that  the  steam  engine  will 
always  have  its  place.  I  do  not  think  that  we  are  going  to  run 
it  into  the  river  or  ocean,  but  I  think  the  generator  and  motor 
also  are  going  to  have  their  places.  I  was  very  much  surprised 
in  talking  to  the  superintendent  of  motive  power  of  one  of  our 
largest  trunk  lines  the  other  day,  when  discussing  air,  electricity, 
and  steam  for  motive  power.  Much  to  his  surprise,  although  he 
was  a  man  thoroughly  conversant  with  all  the  details  of  his  de- 
partment, I  found  in  conversation  with  him  that  he  had  not 
realized  the  amount  of  power  which  was  being  used  on  132  miles 
of  his  road  constantly.  He  made  figures  on  it,  and  I  do  not 
know,  if  I  asked  you  gentlemen,  if  you  could  guess  anywhere 
near  it  or  not. 

It  exceeded  my  guess  four  times.  On  the  system  in  question, 
which  was  132  miles,  or  very  close  to  that,  there  is  100,000  horse- 
power constantly  in  active  service.  There  is  no  gentleman  who 
will  stand  here  and  argue  for  a  moment  that  electricity  is  the 
power  to  drive  a  small  number  of  trains.  If  enough  trains  are 
run  to  make  the  load  constant,  or  nearly  so,  as,  for  instance,  in 
suburban  tra£Sc,  all  must  agree  that  electricity  should  supersede 
steam.  We  have  to-day  on  some  of  our  leading  trunk  lines  as 
good  locomotives  as  there  are  in  the  world.  These  engines  are 
yielding  about  1,000  horse-power.  If  indicated,  they  will  show 
that  the  horse-power  which  they  give  out  is  costing  at  least  30 
pounds  of  water,  and  as  a  rule  is  costing  50  pounds.  Now  an 
engine  can  be  built— and  there  are  many  builders  here  to-day 
who  would  be  glad  to  take  the  contract  to  build  an  engine  of 
16 
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2,000  horse-power — which  will  yield  one  horse-power  hour  on  13 
pounds  of  water,  and  some  of  them  down  to  11  and  12.  It  can 
be  seen  at  once  that  the  power  at  the  station  only  costs  one- 
quarter  what  it  does  in  a  locomotive,  and  the  very  highest  loss 
that  can  be  expected  is  from  20  to  30  per  cent. 

Now  when  it  comes  to  air,  in  talking  with  the  same  man,  and 
I  consider  him  to-day  one  of  the  best  locomotive  engineers  on 
this  continent,  he  asked,  "  In  reference  to  air,  steam,  and  elec- 
tricity, have  you  seen  a  machine  designed  to  drive  a  street  car,  or 
drive  any  device,  which  you  would  call  a  locomotive,  which  would 
stand  the  stress  and  strain  of  a  steam  locomotive  ?  "  He  said, 
"  The  reciprocating  engine  has  to  be  kept  in  thorough  alignment 
or  else  it  has  to  suflter.'*  The  electric  motor  has  a  rotating 
motion  with  all  its  advantages.  Air  is  being  tried  to-day,  because 
men  want  to  see  if  there  are  any  hidden  virtues  in  it ;  but  in 
my  estimation  they  will  find  that  there  are  none.  We  have  gone 
through  many  stages  of  engineering ;  trying  this,  dropping  it, 
and  trying  that  and  dropping  it.  Possibly  our  sons  will  take  it 
up  on  the  same  lines  as  we  have,  if  they  do  not  take  the  trouble 
to  read  what  some  of  us  have  done,  and  in  that  way  save  them- 
selves many  useless  experiments.  In  talking  with  the  gentle- 
man in  reference  to  applying  electricity  to  his  road,  he  said  he 
thought  the  day  was  much  nearer  at  hand  than  he  had  expected 
prior  to  our  conversation. 

ifr,  Rocktvood, — The  utility  of  independent  electric  drives  for 
each  room  and  each  heavy  machine  is  questionable,  to  my  mind. 
I  recognize  the  fact  that  in  the  case  of  machine  shops  it  is  often 
true  that  a  very  large  proportion  of  the  total  indicated  horse- 
power of  the  steam  engine  is  lost  in  the  friction  of  the  engine 
and  of  the  line  shafting.  But  inasmuch  as  so  small  a  propor- 
tion of  the  cost  of  production  of  finished  work  in  machine-  shops 
is  represented  by  the  cost  of  the  engine-power  required  to  pro- 
duce it,  I  *hink  all  will  agree  that  complication  and  heavy  first 
cost  are  to  be  avoided.  Simplicity  and  reliability  are  of  the 
first  importance.  These  qualities  should  be  attained  with  as 
high  a  degree  of  economy  as  practicable.  The  English  custom 
of  driving  each  line  shaft  with  a  wall  engine  permits  different 
lines  of  shaft  to  be  shut  down  if  the  motion  is  not  needed  at  any 
time,  and  there  is  much  to  be  said  in  favor  of  this  practice  in 
the  particular  instance  of  machine-shop  tool  driving. 

2Ir,  Oeorge  R,  Stetson. — The  trouble  comes  with  the  motor  in 
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getting  it  upon  the  shaft  at  the  speed  at  which  we  want  to  run 
the  shaft.  You  have  got  to  hare  between  the  motor  and  the 
shaft  a  belty  and  that  is  one  of  the  elements  of  costliness  in  the 
shaft  business.  I  have  found  in  the  case  of  a  shaft  about  four 
hundred  feet  long  that  the  foreman,  to  keep  it  from  side  action 
had  put  in  a  number  of  side  collars.  Between  the  morning 
length  of  that  shaft  and  its  evening  length — ^from  the  heat  of  the 
room  and  the  heating  by  friction — there  was  an  inch  or  so  differ- 
ence in  its  length,  and  of  course  it  tended  to  spring  the  shaft, 
and  created  friction  between  the  box  and  collars.  I  remember 
a  very  curious  condition  I  found  in  South  America.  An  engineer 
was  putting  up  a  line  for  a  plantation.  There  were  cross  tim- 
bers, on  which  the  boxes  rested,  running  across  the  room.  In 
one  instance  there  was  a  jog  of  about  three  inches  in  the  level 
of  the  timbers.  He  had  put  in  bolts  about  four  inches  long 
between  the  couplings,  and  filled  the  space  with  old  leather,  and 
it  was  not  only  a  hard  shaft  to  drive,  but  it  was  very  musi- 
cal. It  is  largely  a  matter  of  the  care  of  the  shafting,  and  I 
am  inclined  to  feel  that,  while  I  am  between  steam  and  elec- 
tricity, and  have  bothered  a  good  deal  with  both,  the  reduction 
of  the  speed  of  the  motor  to  the  conditions  of  the  general  appli- 
cation of  a  shaft  is  the  troublesome  point.  When  our  electrical 
colleagues  will  get  a  motor  which  will  run  from  twenty-five  to  fifty 
horse-power,  which  is  what  we  want  on  a  great  many  shafts, 
and  run  it  at  250  revolutions,  and  put  it  on  directly,  that  will 
be  something  we  are  looking  for.  I  do  not  know  whether  that 
is  accomplished  yet  or  not. 

Mr.  Pearson. — It  is.     It  just  means  increasing  the  material 

Mr.  Stetson. — That  is  what  is  the  matter. 

Mr,  Pearson. — In  the  last  two  years  we  have  decreased  the 
speed  of  motors  more  than  one-half. 

Mr,  F,  A.  Goeize. — In  regard  to  electrically  driven  machinery  I 
would  like  to  refer  to  the  policy  pursued  by  Mr.  E.  A.  Darling, 
Superintendent  of  Columbia  University. 

At  its  new  site  the  University  will  eventually  have  sixteen 
buildings,  distributed  over  an  area  about  twice  the  size  of 
Madison  Square  Park.  These  buildings  will  require,  for  pur- 
poses of  ventilation,  about  fifty  or  sixty  fan-blowers,  located, 
almost  without  exception,  in  the  sub-basement  and  attic  floors, 
and  varying  from  five  to  ten  feet  in  diameter. 

In  view  of  his  experience  at  the  College  of  Physicians  and 
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Surgeons,  where  he  has  been  throwing  out  the  small  fan  engines 
and  substituting  electric  motors,  Mr.  Darling  has  decided  to  run 
the  fans  in  the  new  buildings  with  electric  motors,  directly  con- 
nected wherever  possible.  I  think  that  the  advantages  in  the 
care  and  maintenance  required  for  the  motors  and  their  electric 
circuits,  as  compared  with  the  same  requirement  for  the  small 
engines  and  their  steam  and  exhaust  lines,  wiU  be  apparent  to  all. 

Another  advantage  which  is  gained  by  electrically  driven 
machinery  at  the  College  of  Physicians  and  Sui^eons,  and  also 
at  the  Sloane  Maternity  Hospital,  where  the  laundry  machinery 
and  fans  are  equipped  with  direct  connected  motors,  lies  in  the 
ability  to  run  this  machinery  with  a  storage  battery  whenever  it 
becomes  necessary  to  shut  down  either  the  steam  Une,  dynamos, 
or  engines  for  repairs. 

Mr.  Stetson, — I  think  we  are  rambling  from  the  subject  The 
position  which  I  tried  to  take  was  that  at  the  present  time  it  was 
questionable  whether  in  the  great  majority  of  instances  a  motor 
could  take  the  place  of  the  regular  methods  of  transmission.  I 
have  no  doubt  in  angle  work,  where  you  have  to  turn  a  corner 
with  belts,  which  is  frequently  done,  that  it  would  be  advisable 
to  figure  very  carefully  whether  the  motor  was  not  the  thing  to 
put  there.  I  know  from  my  experience  that  the  slower  the 
motor  goes,  the  higher  the  price  asked,  up  to  date,  and  I  don't 
know  how  much  money  it  would  take  to  gel;  a  motor  down  to 
250  revolutions.  I  know  that  with  a  five  horse-power  motor  for 
slow  speeds,  you  get  seven  and  a  half  high  speed,  and  the  price 
is  the  same.  We  trust  for  the  best,  and  I  have  faith  that  it 
may  come.  But  we  are  talking  about  what  is  taking  place  to- 
day. Now  the  gentleman  on  my  right  spoke  about  the  fan 
business.  Put  a  motor  there  by  all  means.  You  want  that  fan 
to  go  along  about  the  same  jog  as  the  motor  is  going.  It  is 
the  application  of  a  motor  to  a  different  condition  at  which  we 
pause,  and  if  we  are  going  to  confine  ourselves  to  this  paper  it 
is  running  shafting  in  machine  shops. 

J/r.  Samuel  M.  Green. — The  question  of  the  use  of  the  electric 
motor  or  of  shafting  would  seem  to  be  one  of  investment. 
By  the  use  of  shafting  we  can  transmit  power  at  an  efficiency 
of  80  per  cent.  The  gentlemen  advocating  electricity  will  agree, 
I  think,  that  a  higher  efficiency  can  hardly  be  realized  from  the 
use  of  generators  and  motors. 

Under  these  conditions  it  will  be  simply  a  question  whether 
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the  use  of  shafting  will  require  a  greater  or  less  outlay  than 
the  use  of  motors,  and  which  will  be  maintained  at  the  minimum 
cost 

I  have  had  occasion  to  try  the  graphite  bearings  which  have 
been  mentioned  by  one  of  the  speakers,  but  have  not  had 
success  in  their  use.  They  crack  and  wear  badly.  I  have  not 
heard  anything  of  this  bearing  for  some  time,  and  do  not  know 
whether  or  not  it  is  still  on  the  market 

Another  question  brought  out  by  the  paper  is  of  much 
interest,  and  has  not  been  touched  upon  by  any  of  the  speakers ; 
I  refer  to  the  use  of  a  large  quantity  of  oil,  and  its  purification. 
I  have  been  unable  to  secure  a  purifier  in  which  I  hare  perfect 
&ith.  One  always  has  some  hesitancy  in  using  oil  the  second 
time,  even  if  it  has  been  passed  through  a  filter.  I  should  be 
glad  to  hear  from  some  one  upon  this  question,  if  any  one  has 
satisfactorily  solyed  it. 

I  think  Mr.  Bockwood's  remarks  have  been  rather  miscon- 
ceived. I  understood  Mr.  Rockwood  to  say  that  they  were 
using  these  small  engines,  and  to  say  that  he  preferred  line 
shafting  to  them.  It  seemed  to  me,  from  remarks  made,  that  the 
gentlemen  understood  him  to  say  that  he  preferred  the  small 
engine  to  the  motor.  I  think  there  is  no  question  that  small 
engines  are  less  economical  than  small  motors  under  the  same 
conditions. 

Mr.  Alfred  Brooks  Fry. — There  is  one  portion  of  the  discussion 
which  has  touched  on  a  question  which  our  experience  in  the 
United  States  public  buildings  in  the  treasury  service  well 
enforces  as  important. 

A  great  many  of  our  larger  buildings,  notably  those  used  for 
post-office  purposes,  have  a  great  deal  of  miscellaneous  mechan- 
ism ;  they  have  small  printing  offices,  and  mechanism  for  defacing 
stamps,  and  post  marking,  and  for  other  purposes.  Formerly  we 
drove  this  mechanism  with  shafting  belted  to  small  enginea 
But  we  have  found  practically  a  twofold  economy  in  substituting 
electric  motors  for  them.  We  find,  given  proper  care  and  proper 
attention,  that  the  motors  built  by  any  of  the  older  reliable 
electric  companies  can  be  depended  on.  I  do  not  refer  to  any 
particular  concern,  but  our  experience  with  the  three  or  four  of 
the  older  types  of  machine  is  that  they  are  reliable,  and  we  find 
that  in  actual  practice  it  is  no  more  expensive  to  instaU  good 
wiring,  and  not  so  expensive  to  maintain  it,  as  it  is  to  install  and 
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maintain  long  lines  of  small  steam  pipe.  Most  of  our  units  for 
miscellaneous  separate  power  would  be  from  five  to  eighteen 
horse-power,  and  we  have  found  that  the  cost  of  maintaining 
motois  and  wiring,  and  the  interest  account  on  them,  would  not 
erceed  interest  and  repairs  on  the  cost  of  smaU  engines  of  the 
same  power  having  long  lengths  of  small  steam  pipe. 

I  think  almost  every  one  here  will  agree  with  me,  that  for  build- 
ing and  shop  uses  the  loss  in  transformation  in  the  electric  motor 
is  more  than  compensated  for  by  the  efficiency  of  the  system  and 
its  cleanliness  and  convenience. 

In  our  service  we  have  gone  into  this  matter  carefully,  and 
having  completed  a  series  of  tests  for  about  two  years  at  the 
United  States  buildings,  Boston,  we  are  going  to  equip  the  New 
York  post-office  building  with  its  own  electric  plant,  taking  out 
the  various  small  steam  engines,  and  replacing  them  by  electric 
motors,  because  we  have  found  that,  taking  into  consideration 
the  maintenance  of  long  lines  of  steam  pipe,  the  annoyance  and 
the  heat,  the  trouble  with  drips,  and  the  fact  that  the  small 
engines  often  cause  twice  as  much  trouble  by  unskilful  handUng 
as  a  motor  would,  we  found  it  expedient  to  substitute  motors. 
Of  course  we  pay  special  attention  to  the  incessant  running  of  our 
plants.  In  the  big  post-offices  they  are  nearly  all  absolutely 
dependent  on  the  electric  light.  We  do  not  have  gas,  upon  the 
theory  that  if  you  have  gas,  and  the  engineers  have  anything 
to  fall  back  on,  they  will  not  be  careful  about  the  mainten- 
ance of  their  electric  apparatus.  The  Boston  United  States 
electric  plant  has  an  output  of  about  450  electric  horse-power  for 
the  post-office  and  sub-treasury,  and  about  60  electric  horse-power 
for  the  custom  house.  The  plant  has  been  in  operation  every 
day,  including  Sundays  and  holidays,  for  something  over  thirteen 
years. 

The  total  time  lost  from  accidental  shut-downs  is  between  five 
and  six  hours,  and  that  occurred  in  connection  with  an  accident 
to  the  feed  system  of  an  old  battery  of  boilers.  The  time  lost  by 
sundry  shut-downs  for  absolutely  necessary  repairs  to  the  main 
steam-piping,  or  absolutely  necessary  repairs  to  the  main  shaft- 
ing, will  not  exceed  for  those  thirteen  years,  twelve  working  days 
of  ten  hours  each  day.  The  plant  in  question  has  not  been  in 
duplicate.  We  have  had  an  average  of  fifteen  to  twenty  per 
cent,  spare  apparatus ;  that  is,  usually,  one  spare  engine  and 
twenty  to  thirty  kilowatts  in  reserve.     We  have  found  that  the 
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plant  maj  be  operated  practically  continnoaslj,  and  without  any 
great  difficulty,  provided  the  repairs  are  kept  ap,  and  provided 
constant  attention  is  given  to  it.  Moreover,  I  feel  sore  that 
I  express  the  feeling  of  our  service  in  saying  that  for  small  units 
of  power,  taking  everything  into  consideration — the  length  of 
shafting,  the  sUpping  of  belts,  the  care  of  belts,  the  care  of  bear- 
ings, the  loss  of  power  in  long  lengths  of  steam  pipe — that 
motors,  directly  applied  as  practicable  (motors  of  the  best  type), 
are  a  very  efficient  substitute  for  small  enginea 

Mr,  Pearson, — ^In  reference  to  hot  journals  absorbing  power 
in  transmission,  my  experience  has  been  that  care  is  the  greatest 
preventive.  The  best  way  to  obtain  or  enforce  this  is  to  in- 
vestigate each  case  thoroughly,  and  then  adopt  some  measure 
of  exposing  the  man,  either  by  dismissing  him,  or,  to  do  as  some 
railroad  companies  do,  place  his  name  on  the  blackboards  on  the 
different  divisions  of  the  road,  stating  the  time,  date,  and  the 
conditionJs  whereby  the  journal  became  hot.  I  know  where  this 
method  has  been  tried  and  found  to  be  very  successful  in  pre- 
venting hot  journals. 

Mr,  Bockwood, — Since  the  subject  of  the  paper  is  friction  in 
shafting,  I  wonder  that  no  one  has  advocated  roller  bearings. 
I  will  advocate  them.  I  bought  a  few  hundred  dollars*  worth  of 
roller  bearings  about  a  year  ago— heavy  roller  bearings,  five  and 
a  half  inches  in  diameter,  down  to  three  and  a  half,  running  200 
turns  to  a  minute,  and  they  have  always  run  very  nicely.  They 
cost  me  about  thirty  per  cent,  more  than  the  other  kind.  I  got  a 
guarantee  from  the  manufacturer  that  if  anything  happened  to 
them  in  two  years,  he  would  either  give  me  another  set  or  put  in 
babbitted  bearing  at  my  discretion.  Now,  that  shafting,  although 
it  is  a  great  heavy  shaft,  with  a  lot  of  pulleys  on  it,  and  about 
300  feet  long,  can  be  easily  rotated  by  a  man  by  simply  putting 
his  weight  on  the  main  driving  pulley  when  it  has  been  standing 
idle  for  a  number  of  days.  I  personally  believe  that  the  roller 
bearing  is  going  to  be  introduced  everywhere  in  stationary  work 
in  the  course  of  a  few  years.  We  need  a  certain  amount  of 
experimental  data  as  to  just  how  to  proportion  the  roller  bearing. 
But  when  I  say  roller  bearing  I  do  not  mean  hard  rollers.  As  far 
as  I  know,  there  is  only  one  concern  in  the  world  which  makes  a 
roller  bearing  which  does  not  have  a  hard  roller,  and  that  is  the 
concern  of  which  I  bought  these  boxes. 

Mr,  A,  K  Bard^oell. — In  regard   to  driving  line  shafting,  I 
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would  recommend  where  the  shafts  ran  at  right  angles  that  they 
be  driven  either  by  separate  engines  or  motors ;  but  the  question 
of  friction,  which  the  paper  is  based  on,  can  be  reduced  by  put- 
ting in  roller  bearings. 

While  at  the  Brown  &  Sharpe  Manufacturing  Company,  three 
or  four  months  ago,  I  was  talking  roller  bearings  with  Mr.  Beck. 
He  showed  me  a  set  of  rolls  on  which  they  formerly  had  a  six- 
inch  double  belt,  but  were  unable  to  drive  the  rolls.  They  then 
put  a  four-inch  belt  on  the  back  of  the  six-inch  belt,  and  still 
were  unable  to  drive  them.  They  finally  put  in  roller  bearings, 
and  then  run  the  rolls  with  a  three-inch  single  belt.  From  that 
they  reduced  it  to  a  two-inch  belt,  and  did  run  them  with  a  one- 
inch  single  belt 

It  will  be  seen  that  with  roller  bearings  and  a  one-inch  belt 
they  did  what  they  were  unable  to  do  with  solid  bearings  and  a 
six-inch  and  four-inch  belt.  When  I  saw  the  rolls,  they  were 
driving  with  a  two-inch  single  belt. 

Since  the  regular  meeting  we  have  made  some  extensive  experi- 
ments in  the  friction  of  roller  bearings  and  solid  bearings  on  line 
shafting  which  was  208  feet  long  in  both  casea  The  roUer-bearing 
shaft  was  2H  inches  in  diameter,  and  the  sohd-bearing  shaft  was 
2xV  inches.  The  total  weight  of  the  roller-bearing  shaft  was 
6,364  pounds,  and  that  of  the  solid-bearing,  including  such  pulleys 
as  were  on  the  line,  5,163  pounds.     The  results  are  as  follows : 

The  coeflScient  of  friction  for  the  roller-bearing  shaft  at  a 
periphery  speed  of  60  feet  per  minute  was  .016,  and  of  the  solid- 
bearing  at  the  same  periphery  speed  was  .0661.  At  110  feet  per 
minute  periphery  speed  the  roller-bearing  coeflScient  was  .0203, 
and  the  solid-bearing  at  the  same  periphery  speed  .0901. 

It  will  be  seen  from  this  that  for  a  periphery  speed  of  60  feet  per 
minute  the  roller  bearing  only  consumed  24.2  per  cent,  as  much 
power  as  the  solid,  and  at  110  feet  per  minute  periphery  speed 
the  roller  bearing  only  consumed  20}  per  cent,  as  much  as  the 
solid. 

This  test  was  made  with  the  belts  all  thrown  off  and  the  shaft 
driven  by  a  motor  which  had  previously  been  thoroughly  tested  as 
to  its  eflSciency,  and  the  results  were  very  closely  obtained  in  this 
way.  The  pressure  per  square  inch  on  the  solid  bearing  was  7.4 
pounds,  and  on  the  roller-bearing  shaft  was  8.58  pounds  per 
square  inch ;  but  this  weight  per  square  inch  was  not  considered^ 
as  the  pressure  per  square  inch  was  so  small  in  resulta 
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Mr.  Johnson. — I  would  like  to  say  that  I  think  a  word  of  cau- 
tion is  necessary  in  speaking  of  roller  bearings,  and  that  they, 
like  many  other  good  things,  have  got  to  be  well  made  and  used 
with  discretion.  The  company  I  work  for,  not  very  long  ago 
bought  a  railroad  travellmg  crane.  It  is  pretty  heavy ;  all  the 
weight  has  to  be  carried  on  two  pairs  of  wheels,  and  when  it  is 
run  with  its  maximum  load  hanging  from  the  end  of  the  jib,  the 
pressure  on  the  journals  is  pretty  high.  To  provide  for  this  the 
makers  put  in  roller  bearings,  or  what  were  intended  for  roller 
bearings.  All  tiiey  did  was  to  make  the  axle-box  an  inch  lai^er 
than  the  journal,  and  put  in  enough  pieces  of  half-inch  cold-rolled 
shafting  to  fill  the  space.  Instead  of  a  bearing,  it  became  a  first- 
class  axle^rinding  machine  right  off;  there  was  nothing  to  keep 
the  rollers  parallel  and  out  of  contact,  so  they  turned  at  different 
angles  and  cut  the  journal.  The  result  was  that  they  had  to  be 
taken  out,  and  boxes  carrying  plain  heavy  brasses,  about  in  loco- 
motive style,  substituted,  and  I  think  it  ought  to  be  understood  in 
speaking  of  roller  bearings  that  they  have  got  to  be  caged  or  kept 
parallel  in  some  way,  to  give  good  results. 

Prof,  C,  H,  Benjamin.* — The  discussion  seems  to  have  drifted 
some  distance  from  its  moorings.  The  object  of  the  paper  was 
rather  to  show  the  faults  of  shafting  and  to  suggest  remedies 
than  to  hint  at  dispensing  with  it  altogether.^ 

It  is  doubtless  true  that  in  many  cases  electric  transmission  is 
better  and  cheaper,  but  it  is  also  true  that  in  most  cases  shafting 
is  used  and  will  continue  to  be  used,  so  that  the  question  now  at 
issue  is  how  to  reduce  the  friction  losses  in  shafting  to  a  mini- 
mum. In  this  connection  I  can  only  repeat  the  recommenda- 
tions made  at  the  close  of  the  paper,  and  I  am  glad  to  have  them 
confirmed  by  so  eminent  an  authority  as  Mr.  Samuel  Webber. 

Tiiere  is  a  limit  in  practice  to  the  rotative  speed  of  line  shaft- 
ing, and  I  should  be  inclined  to  set  it  at  about  three  hundred 
revolutions  per  minute.  I  have  had  some  experience  with  shaft- 
ing at  five  hundred  revolutions  per  minute,  and  should  not  care 
to  repeat  it.  If  it  is  desired  to  get  still  higher  belt  speed,  it  is 
better  to  do  so  by  using  lai^er  pulleys.  My  experience  with 
steel  pulleys  in  such  cases  has  been  very  favorable  to  them. 

If  shafting  is  round,  is  straight,  and  in  line  when  loaded^  and  if 
the  bearings  are  well  fitted,  and  well  oiled  with  good  oil,  the  loss 
of  power  in  compactly  arranged  shops  will  be  small. 
*  Aathor's  Closure  uuder  the  Rales. 
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The  use  of  graphite,  grease,  etc.,  is  usually  an  excuse  for  neg- 
lect, and  results  in  a  large  net  loss  due  to  increase  in  the  coal 
bill.  I  do  not  suppose  that  there  are  many  manufacturers  who 
are  seriously  contemplating  the  use  of  roller  bearings  on  ordinary 
line  shafting. 

It  is  to  be  noticed  that  when  a  shop  is  said  to  be  running 
at  full  capacity,  this  does  not  necessarily  imply  that  all  the 
machines  are  running.  Probably  in  most  machine  shops,  when 
the  full  complement  of  men  is  at  work,  not  more  than  one-half  of 
the  total  machine  power  is  used,  if  an  average  is  taken  for  the 
day  or  for  the  week. 

Allusion  has  been  made  to  the  fact  that  the  figures  in  Table  11. 
show  the  unloaded  and  not  the  loaded  friction  of  the  shafting. 
This  is  true ;  but  where  the  shafting  consumes  so  large  a  fraction 
of  the  total  energy,  throwing  the  machines  on  or  oflf  will  have 
little  eflfect  on  the  friction. 

If  this  paper  and  its  discussion  will  lead  some  who  read  them 
to  overhaul  their  shafting,  put  it  in  line,  and  keep  it  oiled,  some 
good  will  have  been  done. 
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BT  M.  P.  WOOD,  KBW  YORK  CITT. 

(Member  of  the  Society.) 

The  fourth  paper  on  ''  Bustless  Coatings "  was  to  have  been 
devoted  to  the  subject  of  oils  and  other  yehicles  used  in  paint 
processes.  Since  the  third  paper  was  presentedt,  so  many  exam- 
ples of  the  Tagaries  of  corrosion  of  metallic  bodies  have  pre- 
sented themselves  which  appear  to  claim  the  earnest  considera- 
tion of  engineers  as  to  the  causes  and  remedies  therefor  (the 
effects  being  in  most  cases  too  painfully  apparent),  that  in  lieu 
of  the  vehicle  subject  I  present  a  case  of  corrosion  of  so  remark- 
able a  character,  and  one  in  which  the  record  is  so  positive  in 
its  details,  that  it  is  removed  from  the  category  of  speculation 
as  to  the  cause  of  corrosion  in  this  particular  case. 

How  many  more  kindred  cases  could  be  brought  forward  of 
almost  equal  interest,  if  but  reported  for  record  by  engineering 
observers,  it  is  difficult  to  say ;  but  the  reported  case  of  the 
corrosion  of  the  floor  beams  in  the  old  New  York  Times  build- 
ing,:t  occurring,  as  it  were,  almost  under  one's  feet  in  the  short 
interval  of  thirty-five  years,  and  in  the  hereinafter  reported  case 
of  one  of  six  days,  appears  to  be  an  unanswerable  argument  of 
the  dangers  of  using  the  oxide  of  iron  in  any  form  for  the  pro- 
tection of  metallic  structures  from  corrosion. 

This  argument  may  be  reinforced  by  the  query.  What  is  or 
what  will  be  occurring  to  the  metallic  portions  of  the  many  sky- 
scrapers which  are  in  process  of  erection  in  our  own  and  other 
cities  at  the  present  time,  under  great  dissimilarity  as  regards 
temperature,  humidity,  and  other  climatic  conditions,  but  of  one 
characteristic  sameness — viz.,  being  sealed  in  solid  masonry  or 
other  coverings  beyond  the  ken  of  inspection  ? 

♦  PreseDted  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
Transactions. 

\  Detroit  meeting,  June,  1895,  Volume  XVI.,  paper  u amber  687,  pp.  668-706. 

X  Tranaaetiom  A.  8.  M.  E.,  Volume  XVI.,  paper  number  626,  p.  409. 
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Inspection  of  these  buildings  now  in  progress,  as  well  as 
those  lately  erected,  reveals  possibly  a  slight  improvement  in 
general  over  the  conditions  apparent  two  years  ago ;  but  the  im- 
.provement  is  a  hollow  mockery,  and  will  bear  fruit  for  repent- 
ance ere  many  years  have  passed.  These  structures,  though 
more  carefully  painted  than  those  erected  before  with  more  and 
heavier  coatings  of  some  kind  of  stuff  called  paint,  do  not 
appear  in  a  single  case  to  have  received  any  attention  or  consid- 
eration as  to  the  condition  of  the  metallic  surfaces  before  apply- 
ing the  protective  coating  beyond  a  possible  sweep  with  a  dirty 
broom  to  get  rid  of  the  rough  dirt  from  the  workshop  yard,  and 
a  possible  wipe  with  a  piece  of  old  sacking  to  remove  the  grease 
due  to  machining  processes.  Anything  like  a  washing  down  of 
the  parts  with  soda-ash  or  lye-water  to  remove  the  grease,  and 
then  pickling  with  weak  acid  to  remove  the  mill  scale,  and  a 
subsequent  washing  with  lime-water  to  neutralize  the  acid  bath, 
warming  the  work  before  painting  it,  and  care  to  apply  the  paint 
only  on  clear,  bright  days,  when  no  sweating  can  occur,  or  apply- 
ing the  paint  in  warm  paint-rooms — it  is  safe  to  say  that  not  in 
a  single  case  out  of  the  many  skeleton  structures  of  our  modem 
sky-scrapers  can  this  be  found  to  have  been  the  procedure. 
Not  only  this,  but  it  is  not  done  in  the  minor  parts  of  the  struc- 
ture, where  the  light  grillage  and  ornamental  partitions  should 
at  least  claim  these  precautionary  measures  to  be  used,  and 
where  the  question  of  weight  and  complexity  of  parts  could  not 
arise  to  cause  a  decision  pn  the  side  of  Cheap-John  methods. 

It  is  an  indispensable  condition,  in  applying  paint  for  the 
protection  of  metallic  surfaces,  that  the  surface  must  not  only 
be  first  prepared  by  cleaning  it  to  receive  the  paint,  but  the 
manner  and  time  in  which  the  coating  is  applied  are  strong  fac- 
tors towards  getting  a  favorable  result.  A  poor  paint  properly 
applied  to  a  properly  prepared  surface  will  in  general  give  a 
better  and  more  lasting  result  than  a  good  paint  improperly 
applied  to  an  improperly  prepared  surface. 

In  previous  papers  on  "  Rustless  Coatings  "  read  before  this 
Society  attention  has  been  called  to  a  few  of  the  many  cases  of 
destructive  corrosion  which  are  apparent  to  the  most  casual 
observer — ^viz.:  The  Niagara  Falls  and  Brooklyn  Suspension 
bridges  ( Transactions  A.  S.  M.  E.,  Volume  XV.,  paper  number 
598,  pp.  1044-1046) ;  the  Victoria  Tubular  Bridge  across  the  St. 
Lawrence  Eiver  at  Montreal,  Can.  (Volume  XVIi,  paper  number 
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626,  p.  410),  and  the  Firth  of  Forth  CantileTer  Bridge,  Scotland 
(Volume  XVI.,  paper  number  626,  page  407) ;  the  elevated 
railway  and  viaduct  constructions  of  the  Metropolitan  Bail- 
way  lines  in  the  city  of  New  York — and  the  evidently  wrong 
conception  from  the  beginning  of  what  was  necessary  for  the 
protection  from  corrosion  of  these  costly  structures,  so  that 
their  life  could  be  measured  by  the  lapse  of  centuries  instead  of 
decades. 

The  time  is  approaching  when*  the  new  suspension  bridges 
between  New  York  City  and  Brooklyn — ^the  North  Biver  Bridge 
and  the  East  Biver  Cantilever  Bridge,  two  of  the  most  costly 
and  important  metallic  structures  of  the  many  in  the  world— will 
require  the  most  careful  consideration  by  their  engineer  corps 
of  the  means  to  be  taken  to  properly  protect  them  from  corro- 
sion. Aside  from  the  comparatively  unimportant  quantity  of 
the  masonry  used  in  their  construction,  there  are  thousands  of 
tons  of  steel  embodied  in  them,  divided  and  subdivided  into 
thousands  of  separate  parts,  some  accessible  for  examination  as 
to  their  state  at  all  times,  but  more  which  are  so  covered  in  when 
assembled  as  to  utterly  preclude  any  effective  examination  or 
the  adoption  of  any  protective  methods  other  than  those  given 
at  the  time  of  their  erection  in  place.  The  greater  portion  of 
the  separate  parts,  large  and  small,  which  compose  the  whole 
structure  will  be  comparatively  unprotected  during  the  greater 
part  of  the  long  years  that  they  will  be  under  construction,  and 
subject  to  mechanical  injury  of  whatever  coating  may  be  spread 
over  them  at  the  workshop,  and  also  to  that  due  to  the  varying 
changes  in  temperature  and  climatic  conditions,  aggravated  by 
the  presence  of  sea-air,  to  which  inland  structures  of  the  same 
class  of  design  would  not  be  subjected,  and  whose  complete 
failure  from  any  cause  would  not  be  so  disastrous  as  the  partial 
failure  of  these. 

The  wires  in  the  suspension  cables  of  these  structures  (after 
having  been  freed  from  the  mill  scale  of  manufacture  and  draw- 
ing to  wire)  will  no  doubt  be  protected  by  some  system  of 
coating  with  zinc,  tin,  or  nickel  to  properly  cover  in  the  screwed 
couplings  used  to  join  the  separate  wires,  notwithstanding  the 
fact  that  the  electric  welding  of  the  wires  would  give  a  stronger 
connection  at  possibly  the  same  expense.  That  screwed  or 
twisted  connections  have  always  been  used  for  this  purpose 
may  possibly  prove  too  great  a  precedent  to  ignore.     But  why 


254  RUSTLESS  COATINGS  FOR  IRON  AND  STEEL. 

persist  in  coating  such  wires  with  either  boiled  or  raw  linseed 
oil  instead  of  a  reliable  carbon  or  plumbago  paint?  Linseed 
oil,  free  from  pigment,  applied  to  any  metallic  surface,  absorbs 
moisture  freely  as  a  sponge,  swells  up,  loosens  its  bond  on  the 
metal,  and  rarely  if  ever  renews  its  bond  when  dried  out.  A 
properly  prepared  paint  could  be  as  readily  applied  as  the  oil, 
would  take  no  longer  to  dry,  and  would  resist  friction  and  mois- 
ture greatly  in  excess  of  an  oil  coating,  and  be  a  proper  foun- 
dation to  receive  the  final  protective  coating  ere  the  cables  were 
finished  or  covered  in. 

Engineeringy  July  31,  1896,  pp.  157-158,  reports  from  a  paper 
read  by  Mr.  Hector  MacoU,  of  Belfast,  before  the  Institute  of 
Mechanical  Engineers  (before  referred  to),  an  interesting  case  of 
the  "  Unusual  Corrosion  of  Marine  Machinery  "  due  to  the  pres- 
ence of  oxide  of  iron  pigment : 

'  Corrosion  in  marine  engines  and  boilers  is  usually  confined 
to  well-known  parts,  is  not  rapid  in  its  action,  and  may  be  pre- 
vented or  stopped  by  the  adoption  of  suitable  measures.  In  a 
recent  instance  its  action  was  so  widespread,  so  rapid,  and  so 
powerful  as  to  render  a  short  description  of  it  interesting  to 
engineers. 

"  Steamer. — ^The  steamer  Glenarm  is  a  steel  vessel  of  the  long, 
raised  quarter-deck  type,  built  in  Belfast  in  1890,  for  the  Antrim 
Iron  Ore  Company,  and  is  engaged  in  their  trade  between  Bel- 
fast and  ports  on  the  northeast  coasts  of  Scotland  and  England. 
She  is  classed  100  Al  in  Lloyd's  register,  with  a  deadweight 
capacity  of  about  800  tons ;  and  her  machinery  consists  of  three 
crank  triple  engines  with  cylinders  17  inches,  27  inches,  and  44 
inches  in  diameter  by  30-inch  stroke ;  a  three-furnace,  single- 
ended  boiler  of  the  usual  type,  loaded  to  a  pressure  of  165 
pounds  per  square  inch,  and  a  single-furnace,  horizontal,  multi- 
tubular donkey  boiler.  The  shafting  and  other  forgings  are  all 
of  iron ;  the  boilers  are  of  steel,  with  iron  tubes. 

"  Svbmergence. — On  Tuesday,  December  24, 1895,  this  steamer, 
carrying  a  cargo  of  about  650  tons  of  *  burnt  ore '  from  Irvine 
to  the  Tyne,  struck  on  a  rock  in  the  Sound  of  Mull,  and  was  at 
once  beached  in  Scallaster  Bay,  where  the  sea  stood  a  little  over 
her  after-deck  at  low  water,  and  close  up  to  her  bridge  deck  at 
high  water.  On  the  following  Monday,  December  30,  after 
having  been  submerged  six  days,  she  was  pumped  out  and 
raised.     On  the  same  day  steam  was  got  up  in  the  main  boiler ; 
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but  vhen  abont  30  pounds  pressure  had  been  reached,  the  steam 
TalTe  on  the  donkey  pomp  blew  oQt»  and  it  was  found  that  the 
copper  at  the  bend  of  the  donkey  feed-pipe  next  the  main  boiler 
had  disappeared ;  fires  were  therefore  drawn,  and  the  boiler 
blown  oC  On  Friday,  JannaiT  30, 1896,  aU  leaks  haring  been 
so  far  reduced  as  to  be  under  control  of  the  salTage  pnmps,  the 
Tessel  left  in  a  tow  for  Belfast,  where  she  arrived  early  on  Sat- 
urday morning,  all  the  salvage  operations  having  been  success- 
fully  conducted  by  Captain  Bachelor,  of  the  Liverpool  Salvage 
Association. 

"  CiiMe  <^  CVwrwiofi.— On  examination  the  machinery  was 
found  to  present  an  extraordinary  appearance ;  aU  wrought-iron 
work  was  deeply  and  roughly  corroded,  and  planed  cast-iron 
work  rendered  so  soft  as  to  be  easily  cut  with  a  knife. 
These  unusual  effects  were  undoubtedly  caused  by  the  cargo  of 
'burnt  ore,'  and  the  following  explanation  has  been  contrib- 
uted by  Mr.  S.  Courtney,  chemist,  of  Messrs.  Francis  Bitchie 
k  Sons,  Bel&ist,  who  investigated  the  subject  at  the  request 
of  Mr.  Bobert  Browne,  secretary  and  manager  of  the  Antrim 
Iron  Ore  Company :  *  Burnt  ore  is  the  residue  from  the  manu- 
&cture  of  vitriol  from  sulphur  pyrites,  and  is  generally  found 
to  contain  about  four  per  cent,  of  sulphate  of  copper,  together 
with  a  little  sulphate  of  iron  due  to  the  sulphur  not  having 
been  completely  burnt  out  of  the  ore  and  becoming  oxidized 
into  sulphates.  The  sulphate  of  copper  would  l)e  more  or  less 
completely  dissolved  in  sea-water ;  and  as  the  latter  contains  a 
considerable  quantity  of  chloride  of  sodium,  or  common  salt, 
this  would  react  on  the  sulphate  of  copper,  forming  sulphate  of 
sodium  and  chloride  of  copper.  The  sulphate  of  copper  and 
chloride  of  copper  are  both  soluble  in  water,  and  a  solution  of 
either  or  both*  dissolves  wrought  iron  and  cast  iron.  The 
chloride  is  more  enei^tic  in  its  action  than  the  sulphate ;  but 
in  time  a  solution  of  either,  no  matter  how  weak,  will  dissolve 
an  atom  of  iron  for  every  atom  of  copper  present  Every  100 
tons  of  cargo  contained  as  much  sulphate  of  copper  as  would, 
if  available,  dissolve  nearly  32  hundredweight  of  metallic  iron. 
The  burnt  ore  might  also  contain  a  small  quantity  of  free  sul- 
phuric acid,  which  would  combine  with  the  soda  of  common  salt 
in  the  sea-water  and  set  free  hydrochloric  acid,  and  the  latter 
would  rapidly  act  upon  copper  or  brass.' 

^^  Extent  of  Corrosion, — On    the   condition    of   affairs   being 
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discovered,  the  engines  and  boilers  as  well  as  the  hull  were  at 
once  opened  up  for  survey,  the  underwriters  being  represented 
by  Mr.  Henry  H.  West,  of  Liverpool,  and  the  owners  by  Mr. 
James  Maxton,  of  Belfast.  The  entire  work  on  the  hull  and 
machinery  was  afterwards  carried  out  under  the  direction  of 
the  latter.  The  general  condition  of  the  engines  was  that 
wrought-iron  work  had  been  penetrated  by  corrosion  to  a 
depth  of  about  three-thirty-second  inch,  and  planed  cast  iron 
so  softened  that  one-eighth  inch  had  to  be  taken  off  before  a 
hard  surface  was  regained.  Surfaces  in  bearing  contact,  or 
with  oil  between  them,  and  all  painted  surfaces,  were  com- 
pletely preserved.  The  detailed  condition  of  the  various  parts 
and  the  measures  taken  to  restore  them  were  as  follows  : 

"  Oylivders. — These  had  partially  filled  through  the  hot-well, 
and  from  the  drain  cocks  being  open.  The  lower  part  of  the 
intermediate  cylinder  was  softened  for  twelve  inches  up,  and 
was  rebored  one-quarter  inch  larger  in  diameter,  and  the  piston 
altered  to  suit  The  piston  valves  and  liners  in  the  high- 
pressure  and  intermediate  cylinders  were  softened  at  their 
lower  ends ;  the  liners  were  rebored,  and  the  valves  fitted  with 
new  rings.  The  lower  edges  of  the  low-pressure  slide  valve 
and  face  were  also  softened;  the  valve  was  planed,  and  the 
lower  bar  of  the  face  chipped  off  and  replaced  by  a  brass 
strip  pinned  on.  In  all  other  respects  they  were  sound  and 
good. 

^^Piston-Rods  and  Connecting  Rods  were  turned  all  over,  reduced 
three-sixteenth  inch  in  diameter,  and  the  former  fitted  with  new 
neck  and  gland  bushea 

"  Guides  had  one-eighth  inch  planed  off  them  before  a  hard 
surface  was  reached,  and  the  guide-shoes  were  lined  up  to 
suit. 

"  Valve  Gear  is  of  the  Hackworth  type.  The  valve  spindles 
and  various  rods  were  turned  all  over,  to  remove  the  deep 
pitting;  the  angle  blocks  had  their  planed  surfaces  reduced 
one-eighth  inch,  and  the  various  parts  lined  up  to  suit 

"  Shafting. — The  crank-webs  were  deeply  corroded,  but  as 
there  was  ample  strength  they  were  filled  with  'hard-stop- 
ping' and  painted.  The  shaft-journals  and  crank-pins  were 
pitted  longitudinally  in  the  exposed  spaces  between  the  white- 
metal  strips,  and  were  also  pitted  transversely  at  the  clearance 
spaces  next  the  crank-webs ;  these  were  cleaned  out,  filed  up. 
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and  the  bearings  adjusted.  The  thrast  shaft  was  much  cor- 
roded at  the  exposed  parts  of  the  collars  and  journal ;  it  was 
turned,  all  over,  and  the  horseshoes  and  bearing  were  refilled 
with  white  metaL  The  intermediate  length  of  tunnel  shafting 
was  much  corroded  at  the  exposed  part  of  the  journal ;  and  as  it 
was  also  reduced  by  wear,  a  new  journal  was  turned  further 
forward,  and  the  bearing '  shifted  to  suit  The  propeller  and 
propeller  shaft  were  found  in  good  order. 

^^Auxiliaries. — ^The  centrifugal  pumping  engine  was  consider- 
ably wasted  in  the  rods,  guides,  etc.,  and  was  treated  like  the 
main  engines.  The  duplex  pumping  engine  and  donkey-boiler 
pump  were  so  seriously  corroded  as  to  be  useless,  and  they 
were  replaced  by  new.  The  brass  steam  valve  and  one  pet  cock 
of  the  duplex  pumping  engine  were  curiously  wasted  into  holes, 
and  the  check  valve  and  seat  on  the  main  boiler  had  the  appear- 
ance of  some  substance,  probably  zinc,  having  been  sucked  out 
of  them. 

^^  Pipes, — ^From  the  appearance  of  the  donkey  copper  feed 
pipe  it  was  feared  that  all  the  copper  pipes  were  seriously 
affected.  A  similar  bend  in  the  main  feed  pipe  was  therefore 
sawn  through,  but  was  found  to  have  suffered  no  deterioration. 
All  the  pressure  pipes,  however,  were  taken  down,  tested,  and 
annealed ;  no  defects  were  detected,  and  they  were  all  replaced. 
But  in  putting  together  the  various  steam  and  vacuum  gauges 
the  small  connecting  pipes  were  found  in  several  places  to  be 
curiously  wasted  below  the  coupling  nut. 

**  Small  Details. — It  is  unnecessary  to  enumerate  the  bolts, 
nuts,  cock  handles,  spanners,  and  such  small  details,  which  were 
wasted  into  mere  shadows  of  their  former  selves,  and  had  to  be 
renewed. 

"  Boilers, — The  safety  valves  of  the  main  boiler  having  been 
eased  when  the  vessel  was  beached,  the  boiler  had  filled  with 
water ;  and  the  condition  of  both  boilers  looked  serious.  The 
front  end  plate  of  the  main  boiler  was  considerably  wasted ;  the 
furnaces,  which  are  of  the  spiral,  corrugated  type,  had  corrosive 
scores  running  in  the  direction  of  the  corrugations;  and  the 
tubes  were  covered  with  a  deposit  of  what  appeared  to  be  pure 
metallic  copper.  In  the  end,  however,  after  careful  drilling 
and  gauging,  it  was  found  that  an  unexhausted  margin  remained 
in  all  except  the  tubes.  These  were  all  found  to  be  seriously 
corroded  in  both  boilers,  and   every  tube  was   therefore  cut 
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out  and  renewed ;  after  which  the  boilers  were  satisfactorily 
tested. 

"  Steam  Tried. — Although  the  utmost  rigilance  and  care  had 
been  exercised  in  examining  as  far  as  possible  every  point  and 
detail,  latent  defects  might  have  existed ;  and  it  was  not  with 
complete  confidence  that  steam  was  again  raised  and  the  ma- 
chinery tried.  Neither  then,  however,  nor  in  the  months  of 
continuous  service  which  have  since  elapsed,  has  the  slightest 
defect  been  perceived  ;  and  the  machinery  is  now,  thanks  to  its 
thorough  overhaul,  working  with  the  efficiency  and  economy 
which  it  possessed  when  new.  * 

"  Oonclimons. — The  lessons  to  be  learnt  from  this  experience 
are  probably  obvious  enough.  Some  of  them  are  for  the 
shipowner  rather  than  the  engineer,  and  therefore  need  hardly 
be  referred  to  here ;  but  it  may  be  well  to  emphasize  two  of  the 
others. 

'*  First,  the  advantage  of  having  in  marine  engines  and  boilers 
a  small  margin  over  the  actual  requirements  for  strength.  In 
the  various  rods,  shafts,  and  similar  parts,  such  a  diameter  as 
would  allow  them  to  be  skinned  up ;  in  the  cylinders,  valves, 
etc.,  such  thickness  as  would  allow  them  to  be  bored  or  planed 
afresh ;  and  in  the  furnaces,  combustion  chambers,  and  stays,  a 
slight  excess  of  thickness  over  that  required  by  the  rules. 

'^  Second,  the  advantage  of  good  paint.  Many  engineers  prefer 
polish  to  paint ;  but  in  this  instance  the  latter  truly  cost  little» 
and  was  worth  much." 

The  final  paragraphs  may  well  claim  serious  attention. 
The  cause  and  effect  are  so  closely  related  that  all  doubts  as  to 
the  cause  are  set  at  rest.  As  stated  in  previous  papers  read 
before  this  Society,  the  corrosive  agent  is  found  in  the  oxide  of 
iron  pigment  as  usually  prepared  for  the  market,  and  claiming 
great  superiority  as  to  quality  by  reason  of  its  bright  attractive 
color  and  purity  over  other  forms  of  oxide  pigments  ground 
from  hematite  ores,  whose  dirty  brown  purplish  color  indicates 
the  presence  of  more  or  less  clay  and  earthy  matters,  wholly 
unreliable  as  a  pigment  even  when  mixed  with  good  linseed  oil, 
and  whose  varying  qualities  are  readily  detected  in  the  separate 
consignments  from  the  same  manufacturer  or  compared  with 
each  other.  Of  the  samples  from  the  many  concerns  turning 
out  this  Cheap  John  material,  none  are  good,  all  are  bad 
and  comparatively  useless  for  the  protection  of  metal,  however 


RUSTLESS  COATINGS  FOB   IRON   AND  STEEL.  259 

admirably  adapted  by  yirtue  of  their  cheapness  to  wooden 
structures,  and  are  a  poor  investment  for  them  if  the  merits  of 
a  better  paint  are  considered. 

How  much  damage  is  done  to  the  internal  parts  of  a  marine 
vessel  by  the  use  of  iron-oxide  paints  with  which  those  portions 
below  water  mark  in  the  holds  are  usually  coated  it  is  hard  to 
realize.  Bilge  water  is  a  very  corrosive  fluid,  composed  as  it  is 
of  sea  water  mixed  with  the  leakage  from  fluid  cargoes  soured 
by  the  heat  of  the  hold,  the  sulphur  water  from  the  furnace, 
ashes  and  pyrites  in  the  coal  bunkers,  mill  scale  and  paint 
oxides  of  copper  and  iron  thrown  down  in  the  course  of  repairs 
to  boilers  and  hull  and  seldom  if  ever  removed,  continually 
agitated  and  washed  over  the  exposed  metallic  surfaces,  and 
aided  by  the  presence  of  carbonic'  acid  generated  from  the  con- 
glomerate mass  in  the  confined  air  of  the  hold.  It  is  scarcely 
to  be  wondered  at  that  the  vessel  when  in  the  dry  dock  for  the 
too  often  extended  yearly  examination  is  found  in  such  an  ad- 
vanced stage  of  corrosion  that  it  is  necessary  to  cut  out  and 
renew  frames,  bulkheads,  and  other  parts  so  corroded  as  to 
endanger  the  safety  of  the  ship  in  a  seaway.  The  engineer  in 
chaige  in  the  due  performance  of  his  duties  will  attend  to  the 
repairs,  but  the  ship-owner  who  pays  the  bill  when  approached 
with  the  question,  ''  What  shall  we  coat  her  with  to  prevent  this 
occurring  again?"  too  often  cannot  see  his  way  out  of  the 
dilemma,  and  says,.''  Give  her  the  old  stuff  and  let  her  go." 

In  the  discussion  following  the  presentation  of  the  second 
paper  on  "  Bustless  Coatings,"  read  before  this  Society  (7Vafi.?a<»- 
iions  A.  8.  M.  K,  Vol.  XVI.,  paper  number  626,  p.  416),  Mr.  F.  H. 
Boyer  (member)  cited  the  case  of  1,800  feet  of  twelve-inch  cast-iron 
pipe,  laid  two  and  one-half  years  and  used  to  pump  sea  water, 
which  had  changed  in  its  entire  length  to  the  condition  almost  of 
plumbago,  and  could  be  readily  cut  with  a  knife,  and  would  have 
to  be  renewed  as  a  whole.  Possibly  the  presence  near  the  inlet 
of  the  pipe  of  some  acid  manufacture  or  waste  pipe  from  it,  or 
some  sunken  cargo  of  iron  oxide,  may  have  contributed  to  this 
decay.  Pure  sea  water  is  strongly  corrosive,  but  not  alike  in  its 
effect  in  all  parts  of  the  world  ;  it  is,  however,  stronger  in  its  cor- 
rosive effect  when  mixed  with  sewage  water,  and  this  may  have 
been  one  factor  in  the  case.  Mr.  Boyer  will  confer  a  favor  upon 
the  engineering  fraternity  if  he  will  give  the  results  of  his  later 
examinations  as  to  this  case.    Such  records  are  of  extreme  value. 
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A  late  letter  from  Mr.  Boyer,  though  it  omits  the  analysis  of 
the  cast  iron  from  which  the  pipes  were  made,  gives  some  data 
regarding  the  pipe  worthy  of  note.  The  pipe  was  twelve  inches 
diameter,  flanged  connections,  laid  in  air,  except  the  seaboard 
end,  where  it  dipped  into  the  sea  well  for  suction,  the  sea 
water  being  used  for  condensation  purposes.  The  pipe  appears 
to  be  in  a  worse  condition  at  present  than  when  reported  at  the 
New  York  meeting,  1894,  when  it  had  been  in  duty  only  two  and 
a  half  years,  and  judging  from  its  present  condition  will  require 
entire  renewal  The  valve  chambers  of  one  of  the  duplex  Worth- 
ington  compound  pumps  connected  to  the  main  suction  pipe, 
and  the  branch  connections  from  the  main  pipe  to  the  pumps, 
have  been  renewed.  The  deterioration  of  these  parts  was  so  entire 
as  to  cause  loss  of  vacuum  on  the  suction  end  of  the  pipe.  There 
appears  to  be  no  change  in  the  pipe  where  exposed  to  air  exter- 
nally, the  attack  being  from  the  inside  or  salt-water  contact ;  and 
though  it  was  coated  with  the  usual  coal-tar  coating  at  the  pipe 
foundry,  it  appears  to  have  been  worthless  to  prevent  the  change 
and  decay  of  the  pipe,  which  appears  to  have  been  of  unusual 
moment,  as  the  pipe  was  originally  seven-eighths  of  an  inch  in 
thickness,  and  the  pump-valve  chambers  were  no  doubt  quite  as 
thick,  if  not  thicker. 

As  the  pipe  was  flanged,  and  required  machining  at  the  flanges, 
and  the  pump  castings  required  machining  also,  the  iron  in  both 
pipe  and  pumps  is  no  doubt  a  soft,  easily  worked  metal  containing 
a  large  amount  of  uncombined  carbon,  the  lai^e  crystals  of  the 
iron  favoring  an  easy  attack  of  any  corrosive  fluid  by  dissolving 
the  iron  and  leaving  the  carbon  unaffected.  Pipes  under  pres- 
sare  would  have  presented  the  same  changes.  Had  the  iron  been 
close-grained,  gray,  or  even  white  in  color,  and  as  hard,  capable  of 
being  machined,  the  decay  would  have  been  less  rapid,  and  the 
life  of  the  pipe  been  ten  to  twelve  times  that  now  given. 

Plumbago,  or  graphite,  the  substance  into  which  the  pipe  is 
changing,  is  a  carburet  of  iron,  and,  as  occurring  in  nature,  ranges 
from  thirty-six  to  ninety-nine  per  cent  carbon,  the  foliated  graph- 
ite being  more  pure  than  the  amorphous,  which  is  granules:  in 
character.  Oast-iron  cannon  immersed  in  the  sea  for  periods  from 
sixty  to  one  hundred  years,  are  changed  to  almost  pure  plumbago, 
and  when  first  raised  and  exposed  to  the  atmosphere  become  so 
hot  from  the  absorption  of  oxygen  that  they  cannot  be  handled 
for  a  number  of  hours. 
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DISCCS8ION. 

Mr.  A.  n.  Sahin, — I  desire  to  add  my  testimony  to  the  impor- 
tance of  the  removal  of  mill  scale  from  steel  before  painting. 
My  own  experience  has  been  that  mill  scale  gradually  becomes 
detached  in  many  cases,  carrying  with  it  whatever  paint  has 
been  applied.  There  is  a  large  field  for  men  in  charge  of  such 
work  for  experiments  to  find  out  how  best  to  prepare  such 
surfaces.  In  some  of  the  railway  shops  all  the  mill  scale  is 
removed  either  by  pickling  or  scouring,  both  of  which  are 
expensive  and  troublesome  operations. 

In  the  case  of  marine  corrosion  described  in  the  paper  there  is 
only  a  special  illustration  of  what  is  going  on  daily  in  many 
places.  Copper  solutions,  especially  if  they  are  acid  (as  they 
usually  are),  have  a  very  rapid  action  on  iron,  and  the  complex 
acid,  saline  solutions  met  with,  especially  about  copper  mining 
and  refining  works,  are  very  difficult  to  deal  with.  I  was  lately 
shown  in  the  office  of  Fraser  &  Chalmers,  Chicago,  a  piece  of 
brass  pipe  about  one-eighth  of  an  inch  thick  which  had  holes  eaten 
through  it  by  sixteen  hours'  immersion  in  one  of  these  liquids. 
Almost  any  paint  will  greatly  retard  such  rapid  action,  as  it  is 
shown  by  the  report  in  the  preceding  paper  that  all  painted 
surfaces  were  preserved ;  but  I  believe  the  most  durable  coating 
for  such  purposes  is  a  true  oil  and  gum  varnish  containing  a 
certain  amount  of  asphalt.  I  am  informed  by  Mr.  J.  B.  F.  Herres- 
hoflf,  member  of  this  Society,  that  he  has  successfully  employed 
such  a  material  to  retain  concentrated  muriatic  acid  for  the  last 
four  months  and  also  to  prevent  the  action  of  40  per  cent, 
sulphuric  acid  containing  copper  sulphate  in  solution  for  several 
months.  Such  a  coating  would  probably  be  useless  in  alkaUne 
solutions,  but  acid  and  saline  solutions  are  more  common. 

Such  corrosion  as  has  been  described  is  considerably  different, 
in  my  opinion,  from  the  ordinary  rusting  in  moist  air,  and  more 
difficult  to  prevent ;  but  cases  are,  no  doubt,  constantly  occurring, 
and  are  of  much  importance.  It  is  gratifying  to  note  that  the 
proper  preservation  of  metal  is  beginning  to  receive  due  attention. 

Mr.  O.  F.  Nichols, — Rustless  coatings  for  iron  and  steel  seems 
almost  a  misnomer  in  terms.  From  a  considerable  and  somewhat 
unfortunate  experience  with  various  coatings  I  am  strongly 
inclined  to  believe  that  there  is  no  known  coating  which  will 
protect  these  metals   from   rust   and   consequent   decay.     The 
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Kentucky  colonel  said  '*  that  while  there  were  different  grades 
of  whiskey  there  was  no  such  thing  as  bad  whiskey  " ;  and  I 
believe  that  while  some  paints  are  worse  than  others,  no  paint  is 
absolutely  good. 

Mr.  Wood  has  called  attention  to  the  fact  that  linseed  oil 
"  absorbs  moisture  freely  as  a  sponge,"  and  since  linseed  oil  is  the 
best  if  not  the  only  medium  by  which  we  may  hold  paint  in 
position  on  iron,  we  are  certainly  very  much  at  sea  if  this  is  to 
take  up  moisture  like  a  sponge.  Having  the  surface  properly 
cleansed  and  prepared — and  we  all  concede  this  as  necessary  as 
washing  one's  face — it  is  still  evident  that  it  is  only  a  question  of 
time  when  the  moisture  shall  work  through  the  paint  and  oxidize 
the  iron.  There  is  little  in  the  claim  that  good  oxide  of  iron 
paints  or  red  lead  are  active  in  the  process  of  oxidation ;  both  may 
be  made  inert,  so  far  as  such  action  is  concerned,  and  it  comes 
really  to  confidence  in  the  material  used  to  hold  the  fine  powder 
and  make  of  it  a  liquid  paint.  If  lead  and  oxide  of  iron  are  con- 
sidered distinctively  active,  graphite  is  certainly  inert,  and  may 
with  the  ^me  oil  produce  a  darker^olored  paint.  Graphite 
paints  do  not  harden  thoroughly  as  lead  and  iron  paints  do,  and  are 
more  liable  to  be  scratched  off  on  exposure.  The  oil  still  absorbs 
or  leaks  moisture,  notwithstanding  the  change  which  it  suffers  on 
exposure,  and  the  oxidation  again  sets  in. 

Latterly,  I  have  come  to  rely  quite  as  much  on  quantity  as 
quality,  and  have  insisted  that  at  least  three  coats  of  paint  be  used, 
to  be  followed  after  a  period  of,  say,  five  years  with  two  more 
coats,  the  outer  stopping  the  pores  of  the  inner  coatings.  Four 
coats  of  a  poor  paint  with  good  oil  is  probably  more  effective 
than  two  coats  of  good  paint.  The  best  protected  structures  are 
those  which,  like  our  naval  vessels,  have  a  thick  coating  of  paint 
frequently  renewed.  Unfortunately,  however,  the  coatings  on  our 
most  important  structures  cannot  be  frequently  renewed. 

The  worst  cases  of  oxidation  within  my  knowledge  are,  first, 
the  posts  of  hand  railings  near  the  ocean  when  the  salt  mists 
from  breaking  waves  kept  them  intermittently  wet  or  moist  with 
sea  water,  the  moisture  being  frequently  dried  out  by  the  atmos- 
phere. After  a  few  years  of  such  exposure  the  bars  are  reduced 
to  about  one-half  their  original  size,  and  cakes  of  rust  drop  or  may 
be  picked  off  a  quarter  of  an  inch  in  thickness.  When  the  outer 
surfaces  have  become  completely  oxidized  it  would  seem  as  if  a 
protective  coating  was  formed,  so  that  the  decay  goes  on  more 
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slowly.  Second,  I  recall  a  channel  column  exposed  to  leakage 
from  a  water  closet,  where  the  ammoniate  action  produced 
even  greater  oxidation  than  in  the  case  just  noted.  Eivet  heads 
were  reduced  materially  in  size  and  covered  with  scales  of  rust  one- 
eighth  to  one-quarter  of  an  inch  in  thickness,  while  lattice  bars  one- 
half  of  an  inch  in  thickness  were,  within  a  few  years,  reduced  to 
about  five-sixteenths  of  an  inch  in  thickness.  While  such  action  will 
not  be  general,  it  is  quite  probable  that  the  iron- work  of  our  build- 
ings may  be  exposed  to  leakage  of  this  character,  with  correspond- 
ing results,  unless  better  coatings  than  we  now  have  are  employed. 

As  Mr.  Wood  says,  this  question  of  coatings  is  most  important 
near  the  seaboard,  where  the  action  of  the  salt  air  necessarily 
increases  the  rapidity  of  decay,  and  I  do  not  believe  we  shall  ever 
find  in  any  mere  paint  a  suitable  protection  for  iron  structures  in 
these  localities.  It  will  not  do  to  jump  at  conclusions  as  to  the 
protection  of  the  iron  in  future  suspension  bridges,  nor  to  ignore 
the  somewhat  extensive  experiments  which  have  already  been 
made  by  one  of  our  prominent  wire  manufacturers  to  ascertain 
whether  the  electric  welding  is  really  stronger  and  more  reliable 
than  the  screw  joint  and  whether  it  is  really  more  practicable  or 
no  more  expensive.  Modern  engineers  will  be  quite  ready  to 
ignore  precedent  if  exhaustive  experiment  shall  determine  these 
questions  satisfactorily.  Incidentally,  it  is  quite  remarkable  that, 
with  the  exception  noted,  so  little  attention  seems  to  have  been 
given  to  ascertaining  the  engineering  efficiency  of  the  electric 
weld  in  wire. 

It  would  seem  that  some  closer  bond  than  ordinary  coating  or 
painting  and  something  less  porous  than  paint  must  be  used  for 
the  adequate  protection  of  metal  structures ;  something  akin  to 
galvanizing,  in  which,  perhaps,  the  closest  union  of  the  covering 
to  the  metal  is  secured,  and  for  which  the  surface  of  the  metal 
mvst  be  suitably  prepared.  The  Bauer-Barflf  coating  does  not  seem 
to  be  entirely  satisfactory,  partly,  perhaps,  because  the  coating  is 
not  thick  enough,  and  this  objection  seems  to  apply  with  greater 
force  to  the  electrolytic  deposit  of  metals,  like  copper,  nickel,  or 
aluminum,  as  "  rustless  coatings." 

Engineers  will  watch  with  great  interest  the  japanning  methods 
recentlyapplied  on  a  large  scale  to  some  of  the  greater  pipe  lines, and 
from  which  the  results  are  at  least  encouraging.  These  methods 
^eem  entirely  practicable  for  all  building  and  most  bridge  con- 
struction, while  the  expense  is  not  greater  than  one  would  think 
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it  should  be.  Mere  expense  must  not  be  allowed  to  stand  in  the 
way  of  the  protection  of  important  works ;  it  is  protection  we 
want,  and  this  given,  the  end  justifies  the  means,  at  least  so  far 
as  exposure  goes.  It  costs,  perhaps,  $5,000  to  $6,000  per  mile  to 
paint  our  elevated  railway  structures,  and  if  it  costs  ten  times  as 
much  the  increased  expenditure  would  be  justified  if  the  protection 
was  but  twice  as  good. 

We  err,  I  fear,  in  laying  too  much  stress  on  the  preparation  of 
the  surfaces.  Mill  scale  must  be  removed  with  the  dust  and  dirt. 
Pickling,  however,  is  difficult  to  do,  and  the  weak  acid  must  be 
removed  or  neutralized.  For  oxide  of  iron  paints  I  am  inclined  to 
think  that  a  portion  of  the  oxide  in  the  iron  is  amalgamated  with 
the  paint,  and  that  the  paint  gets  a  better  hold  on  the  iron  for  its 
existence  if  it  is  not  excessive  in  amount.  Many  tin  roofs  are  in 
good  condition  after  long  years  of  exposure,  and  when  they  decay 
it  is  generally  from  attacks  on  the  under  side  of  the  tin.  Now,  the 
rule  for  tin  roofs  is  to  allow  a  rust  coating  to  form  on  the  surface 
before  painting,  simply  to  hold  the  paint,  which  is  generally  a  red 
mineral,  none  too  rich  in  oxide  of  iron.  I  do  not  justify  this 
method  of  painting,  but  it  is  so  universal  as  to  command  atten- 
tion in  this  connection.  Many  structures  have  been  quite  well 
protected  in  this  country  and  abroad  by  the  frequent  use  of  good 
red  lead,  and  generally  without  resorting  to  extreme  methods  in 
cleansing  the  material.  The  ideal  coating  is  one  which,  almost 
regardless  of  first  cost,  can  be  easily  applied  to  metal  under  ordi- 
nary conditions,  and  which  will  certainly  prevent  its  rapid  decay. 

It  will  always  be  a  problem,  whatever  coating  is  used,  to  pro- 
tect the  connections  of  pieces  which  can  never  be  repainted,  and 
in  which  oxidation  is  most  liable  to  occur  from  the  collection  of 
dirt  and  moisture  in  and  about  them.  A  free  and  frequent  use, 
about  these  connections,  of  the  coating  selected  is  probably  the 
best  if  not  the  only  relief  at  hand. 

Mr.  L.  Z.  Buck. — I  have  read  Mr.  Wood's  paper  on  "  Rustless 
Coatings"  very  carefully  and  was  much  interested.  While  I 
would  like  very  much  to  find  such  a  rustless  coating,  I  do  not 
think  I  could  at  present  furnish  anything  of  much  value  in  dis- 
cussing it.  When  we  shall  hiive  taken  apart  the  old  cables  of 
Niagara  Suspension  Bridge,  I  think  they  will  be  interesting,  as 
the  wires  were  boiled  in  linseed  oil,  and  when  the  cables  were 
being  served  the  interstices  were  flushed  with  red  paint,  thougU 
1  cannot  give  the  name  of  the  paint,  as  I  have  b^n  unable  to 
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find  any  record  of  it.    I  have  heard  it  spoken  of  as  "Spanish 
brown." 

Last  winter,  in  blasting  for  the  Gk)rge  Railroad,  a  rock  was 
thrown  which  struck  one  of  the  cables,  cutting  the  wrapping  for 
about  ten  inches  in  the  length  of  the  cable.  The  wires  next  to  the 
wrapping  were  clean  and  smooth.  They  have  been  in  use  for 
upwards  of  forty  years.  My  experience  in  coating  iron-work  with 
raw  oil  before  it  leaves  the  shop  has  been  favorable.  The  iron 
for  the  ^Niagara  Suspension  structure  was  so  treated  and  laid  out 
on  skids  all  winter,  in  open  air  and  snow,  and  during  the  follow- 
ing spring  as  well,  with  no  rusting  except  where  a  piec6  had  been 
used  to  slide  other  pieces  on  so  as  to  abrade  it.  The  surface  also 
received  paint  nicely.  The  advantage  appears  to  be  that  the  raw 
oil  penetrates  the  scale  and  every  least  crevice  better  than  either 
boiled  oil  or  paint. 

The  rusting  of  the  strands  at  the  ends  of  the  cables  was  due 
to  their  having  been  bedded  in  masonry  and  to  the  continuous 
lengthening  and  shortening  of  the  wires  from  varying  stresses, 
which  caused  moisture  to  work  in  and  rust  the  wire. 

Mr.  Wallace  Christie. — A  friend  of  mine,  who  is  particularly 
interested  in  this  subject,  and  who  has  done  some  experiment- 
ing himself,  has  written  me,  in  part,  as  follows : 

I  append  a  series  of  questions  needing  to  be  answered : 
It  has  seemed  to  me  in  what  I  have  said,  and  in  what  experiments 
I  have  carried  out,  that  if  acid  is  not  thoroughly  removed  from 
plate  after  pickling,  it  causes  rusting  to  go  on  underneath  the 
painting.  I  presume  there  are  some  approved  means  of  washing 
in  lye  or  hot  water  in  order  to  remove  the  acid.  I  thought  it  would 
be  well  to  see  if  there  was  any  information  on  this  point,  and  to 
know  if  even  these  precautions  will  remove  the  acid  thoroughly. 
It  seems  as  if  it  would  eat  into  the  metal,  in  any  case,  a  little. 

The  second  question,  I  think,  will  be  readily  understood  from 
the  remarks  I  have  made  on  the  first.  I  have  understood  that 
acid  will  injure  plate  a  little,  and,  of  course,  if  it  eats  any  of  the 
metal  away  there  is  no  doubt  of  the  harmful  action. 

I  have  not  seen  any  items  on  the  cost  of  pickling,  and  any- 
thing  of  that  sort  would  be  instructive,  taking  the  ordinary 
thickness  of  boiler  plate  for  an  example. 

I  have  heard  of  the  use  of  the  sand  blast  upon  the  Clyde  to 

^clean  the  plate  upon  ships'  bottoms  before  painting,  and  I  know 

of  its  being  used  in  this  country  for  the  purpose  of  clean inj^  the 
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cores  from  castings,  but  I  do  not  know  whether  it  has  been  used 
here  for  cleaning  mill  scale  from  plate  or  not.  I  had  a  few  small 
pieces  cleaned  a  short  time  ago  in  this  way,  and  it  left  the  metal 
the  clear-white,  silvery  color  which  one  recognizes  as  the  pure 
steel,  and  leaves  a  very  good  surface  for  painting.  It  looks  very 
nice,  but  the  thought  occurred  to  me  that  if  it  was  so  good  some 
one  in  this  country  must  have  tried  it,  and  perhaps  there  might 
be  some  data  upon  the  subject. 

I  have  found,  in  regard  to  graphite  paint,  that  it  is  very 
hard  to  get  even  the  second  coating  to  cover  the  metal  thoroughly. 
I  presume  it  may  be  due  to  the  lubricating  constituents,  for  it 
crawls  and  leaves  some  places  entirely  bare.  I  understand  it  is 
the  flake  graphite  which  is  used  as  a  lubricant,  and  perhaps  this 
is  the  kind  which  will  not  unite  well  with  linseed  oil.  There  is  an 
amorphous  form  of  graphite  which,  I  believe,  is  used  by  some 
concerns  in  making  graphite  paint.  At  any  rate,  this  form  seems 
to  apply  better,  but  I  do  not  know  whether  it  is  due  to  accident 
or  the  different  kind  of  graphite  used. 

In  regard  to  my  experiments,  I  have  not  sufficiently  far  ad- 
vanced to  say  anything  about  them. 

My  questions  regarding  the  painting  of  iron  and  steel  are : 

1.  What  is  the  best  method  of  pickling  metal  for  the  purpose 
of  cleaning  prior  to  painting,  in  order  that  no  traces  of  the  acid 
may  be  left  under  the  paint  to  cause  rusting  ? 

2.  Does  pickling  injure  the  strength,  lower  the  elastic  limit,  or 
change  the  chemical  composition  of  steel  in  any  way  ? 

3.  What  is  the  cost  of  pickling  process  per  square  foot  of  plate  ? 

4.  Is  the  use  of  the  sand  blast  known  of  or  used  in  this  country 
for  the  purpose  of  cleaning  mill  scale  or  rust  from  plate  ? 

5.  Is  it  a  practical  substitute  for  pickling? 

6.  Why  does  graphite  paint  crawl  when  drying  and  leave  por- 
tions of  the  plate  uncovered  ? 

7.  Is  this  just  as  likely  to  happen  with  the  amorphous  form  as 
with  the  flake  graphite  ? 

Mr,  F,  H,  Boyer. — The  chambers  of  the  iron  pumps  at  Cam- 
bridge during  the  past  year  have  had  to  be  renewed,  the  interior 
having  given  way.  By  an  examination  I  find  that  the  softening 
is  increasing  very  rapidly  since  the  last  report. 

I  think  the  history  of  the  old  chain  bridge  at  Newburyport, 
Mass.,  would  be  of  interest  at  this  juncture.  (Fig.  87.)  The  de- 
scription of  this  was  given  in  the  Scientific  American  on  the  17th 
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of  October.  I  made  a  personal  examination  of  the  bridge  on 
Sunday  last,  and  found  the  following  conditions : 

The  chain  bridge  on  the  Merrimac  River,  between  Amesbury 
and  Newburyport,  Mass.,  was  built  as  a  single  span  in  1792.  In 
1810  it  broke  down  by  an  excessive  load,  and  was  rebuilt  as  a 
double  bridge  in  the  same  year.  Original  cost  about  $38,000.  The 
chain  links  are  of  one  inch  square  iron,  welded  by  a  blacksmith, 
welding  being  in  the  bend  of  the  link,  the  metal  being  upset  by 
the  process  of  welding,  about  25  per  cent. 

In  November,  1896,  one  hundred  and  four  years  after  the 
making  of  the  chain,  the  hammer  marks  are  plainly  seen  in  the 
welds.  A  coating  of  black  paint  was  put  on  in  former  times,  but 
nothing  has  been  done  in  this  line  for  the  past  thirty  years.  The 
bridge  is  located  about  three  miles  from  the  ocean,  and  salt  water 
flows  under  the  structure  on  the  change  of  the  tides. 

I  think  that  it  is  the  ironmaker  who  should  assume  the  respon- 
sibility of  making  a  rustless  and  indestructible  metal,  as  it  has 
been  done,  as  proven  by  the  description  of  the  old  chain  bridge  at 
Newburyport. 

Mr,  Sabin. — I  should  like  to  add,  further,  that  the  material 
which  was  on  board  this  boat,  which  is  described  in  the  paper  just 
read,  was  undoubtedly  intended  for  making  paint,  but  it  was  not 
the  kind  of  material  which  is  in  most  common  use  in  this  country 
for  making  oxide  paints.  The  ordinary  oxide  paints  are  natural 
minerals — ores  ground  up  and  dried,  frequently  roasted  at  a  low 
heat,  not  above  a  low  red  heat.  The  burnt  ore,  as  it  is  called  in 
England,  is  a  residue  from  acid  manufacture — from  burning  of 
iron  pyrites  to  make  sulphuric  acid,  and  the  iron  pyrites  usually 
contains  a  small  amount  of  copper  pyrites,  which  crystallizes  with 
it,  and  to  the  presence  of  that  copper  the  greater  part  of  the 
action  described  is  undoubtedly  due.  Now,  we  do  get  those 
paints  in  this  country  from  England.  There  is  quite  an  importa- 
tion of  paints  from  England.  I  am  not  aware  that  any  of  the 
American  acid  manufacturers  are  making  any  use  of  their  waste 
in  that  way.  The  natural  ore  paints  here  are  too  cheap  and 
labor  is  too  high  to  pay  for  handling  those  residues  here. 
But  we  do  import  quite  a  good  deal — I  should  say,  in  my  judg- 
ment, the  higher  grades ;  and  the  natural  iron-oxide  paints  are 
not  as  dangerous  as  those  are.  I  have  myself  no  high  opinion  of 
oxide  paints.  I  have  placed  my  opinion  on  record  before  in  that 
matter.     But  I  do  not  suppose  that  an  ordinary  iron-oxide  paint, 
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such  as  we  commonly  meet  in  the  market,  would  have  such  an 
effect  as  those  pyrite  resicjues. 

Mr.  William  Kent — In  regard  to  the  electric  welding  of  wire 
I  had  a  little  experience  at  one  time  which  was  very  unsatisfac- 
tory. The  wire  was  not  nearly  as  strong  in  the  weld  as  it  was 
elsewhere,  and  there  is  a  good  reason  for  it  not  being  so  strong  in 
in  the  weld.  We  cannot  electrically  weld  wire  without  anneal- 
ing it,  and  as  wire  is  strengthened  by  the  hardening  process  of 
drawing  through  the  dies,  it  is  far  stronger  unannealed  than  it 
is  annealed ;  so  it  would  be  a  weakening  process  to  attempt  to 
heat  it  electrically.  I  do  not  see  how  a  much  better  joint  can  be 
made  for  wire  than  the  tapered  screw  joint  used  on  the  Brooklyn 
Bridge. 

Mr.  E.  6.  Spilsbury. — In  regard  to  the  same  matter,  we  have 
been  carrying  out  quite  a  number  of  experiments  on  electric  weld- 
ing for  some  time  past,  and  it  has  resulted  in  our  being  able  to 
guarantee  ninety-five  per  cent,  of  welds  to  have  about  ninety-two 
per  cent,  of  the  original  strength  of  the  Avire. 

My.  Gvstavus  C.  Henning. — What  carbon  in  the  steel  ? 

Mr.  SpiUhury. — Between  .45  and  .47.  We  were  making  these 
tests  for  Mr.  Buck  of  the  East  River  Bridge. 

Mr.  Kent. — Hard  drawn  wire? 

Mr.  Spilshury. — Hard  drawn  wire  ;  what  is  known  as  patented 
wire. 

Mr.  Henning. — ^What  strength  ? 

Mr.  SpHabury. — The  strength  of  the  wire  is  about  180,000 
pounds  to  the  square  inch. 

Mr.  Henning. — We  made  experiments  on  wire  in  all  kinds  of 
joints  for  the  cables  of  the  Covington  and  Cincinnati  Bridge. 
The  wire  used  is  No.  6  gauge,  .19  diameter.  We  have  tried  elec- 
tric welding,  brazing,  and  several  other  methods ;  brass,  copper 
brazing,  and  diflFerent  things ;  and  the  conclusion  has  been  that 
electric  welding  is  not  satisfactory  in  such  a  high  carbon  steel, 
because  the  steel  cannot  be  in  good  condition  after  being  subjected 
to  the  high  temperatures  reached  at  the  welding  point  by  the 
electric  current,  and,  besides  that,  about  an  inch  from  the  weld 
the  steel  is  very  much  softened  by  the  annealing  eflfect  of  the 
high  temperatures,  and  the  strength  of  these  wires  fell  from 
5,600  pounds  down  to  3,500  pounds  and  less.  That  is  altogether 
inadmissible.  Then,  by  brazing,  we  found  that  we  could  make  the 
joint  as  strong,  whether  made  by  the  use  of  copper  or  brass,  as 
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the  wire  would  be  when  somewhat  annealed,  but  still  it  would 
lose  considerable  in  strength.  However,  the  coupling  as  used  on 
the  East  Eiver  Bridge  has  been  discarded,  except  in  a  few  places, 
because  it  has  a  great  many  other  disadvantages,  and  is  very 
expensive  to  make.  It  requires  a  complete  outfit  which  costs  sev- 
eral thousand  dollars,  and  when  you  get  through  with  it,  it  is 
worth  nothing;  so  in  that  bridge  many  of  the  joints  are  made  by 
brazing,  as  giving  the  greatest  satisfaction,  because  the  loss  occa- 
sioned  by  the  brazing  was  not  of  any  material  import,  and  it 
occurred  only  once  in  a  great  distance ;  but  at  certain  points, 
couplings  were  used  to  join  them  together.  We  also  tried  the 
protection  of  the  metal  in  the  structure  against  corrosion,  and 
after  a  number  of  experiments  the  anchor  bars  were  coated  with 
parafflne  wax.  We  found  that  we  could  immerse  a  piece  of  steel 
with  the  mill  scale  on  it,  for  an  indefinite  period,  in  the  strongest 
acids,  provided  the  parafline  was  put  on  warm.  The  bar  did  not 
have  to  be  heated,  but  the  parafflne  was  put  on  warm,  and  it  was 
made  sure  that  every  part  was  covered,  by  simply  immersing  the 
pieces  in  the  liquid  parafflne ;  while  in  the  bridge  the  anchor 
bars  were  left  with  a  little  space  all  around,  they  having  been 
first  coated  by  parafflne  before  being  put  in  position;  all  the 
crevices  were  then  filled  up  by  hot  parafflne  poured  in.  In  the 
bridge  the  old  cables  will  remain  and  the  new  cables  are  being 
placed  above  them ;  then  the  two  will  be  united  by  a  proper  detail 
to  carry  the  new  steel  structure  and  replace  the  old.  This  struc- 
ture was  built  in  1865,  and  is  now  being  strengthened  and  en- 
larged ;  and  although  it  was  finished  thirty  years  ago,  there  is  no 
apparent  corrosion.  There  was  a  lot  of  it  at  some  points  in  the 
anchorage,  because,  where  the  wire  issued  from  the  masonry,  the 
wire  was  allowed  to  rub  slightly,  and  thereby  the  protecting  oil 
coating  was  removed.  In  that  case  the  wire  is  only  protected  by 
the  galvanizing,  as  was  done  in  the  East  River  Bridge.  But  after 
the  wire  is  accepted  it  is  coated  with  linseed  oil,  and  then  when  it 
is  put  in  the  bridge  it  is  again  coated  with  linseed  oil,  as  a  great 
deal  of  this  oil  of  course  is  rubbed  off  in  transit,  because  it  requires 
considerable  handling.  When  all  the  strands  are  made  and  the 
wires  are  squeezed  together,  the  outer  wire  being  also  coated  with 
linseed  oil,  the  whole  cable  will  be  painted  with  white  lead,  and 
several  coats  put  on,  so  that  the  whole  cable  will  be  really  sur- 
rounded by  an  envelope  of  white  lead,  and  that  being  flexible,  it 
has  been  found  that  the  change  of  length  of  the  cable  or  any  other 
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change  dae  to  the  strains  applied  by  the  suspenders  transmitting  the 
loads  does  not  crack  that  coating  at  all,  and  the  result  is  that  the 
cables  are  perfect,  just  as  has  been  found  in  the  Niagara  Bridge 
cables.  No  paint  will  be  used  at  all,  and  on  all  the  steel  work  paint 
has  entirely  been  discarded,  because  all  these  iron-oxide  paints  are 
simply  worthless,  except  for  the  oil  that  you  put  in  them  ;  and  it 
gives  no  better  chance  for  adulteration  than  to  use  these  iron 
oxides,  because  you  never  can  tell  how  much  there  is  in,  or  how 
much  has  been  put  in  afterwards,  and  the  oxide  will  not  stick,  and 
it  will  often  prevent  the  oil  from  sticking  to  the  material,  and  it 
is  entirely  out  of  the  question  in  bridge  structures  or  other  big 
structures  to  remove  the  mill  scale  from  the  work.  It  would  cost 
about  as  much  to  do  that  as  to  build  the  structure,  because  if  it 
is  not  done  thoroughly  and  at  all  points,  it  is  worthless ;  and  to  do 
it  at  all  points  is  very  expensive.  I  think  on  the  Pennsylvania 
road  it  is  done  for  fire  boxes  and  boiler  plates,  because  the  Ufa  of 
the  boiler  depends  on  the  proper  protection,  and  the  steaming 
power  also  depends  somewhat  on  the  clean  surface  exposed  to 
the  fire.  But  in  out-door  work,  undoubtedly,  some  simple,  pure 
material  like  paraffine  or  linseed  oil  has  given  all  the  satisfaction 
that  is  necessary  for  any  purpose.  All  paints  are  adulterated. 
Oils  are  adulterated  too.  But  it  is  not  so  difficult  to  get  a  pure 
oil  as  it  is  to  get  a  pure  paint ;  and  all  the  experience  with  sus- 
pension bridges,  except  where  the  cables  have  been  injured  acci- 
dentally or  by  neglecting  the  minor  details,  such  as  allowing  wire 
to  rub  against  hard  materials,  removing  the  protecting  coating — 
in  all  those  cases,  after  many  years  of  use,  the  material  is  entirely 
free  from  rust.  Cables  have  been  carefully  examined  in  a  number 
of  cases,  and  there  does  not  seem  to  be  any  difficulty  at  all.  Of 
course  that  is  a  special  case,  and  other  structures  cannot  be  treated 
in  the  same  manner. 

Mr.  n,  M.  Lane. — I  notice  the  anchor  bars  were  referred  to. 
I  understood  they  were  immersed  in  paraffine  and  no  paint  is  to 
be  used. 

Mr.  H&iming. — They  were  covered  with  paraffine,  and  after 
they  were  put  in  the  anchorage  the  whole  of  the  spaces  were 
filled  up  with  paraffine,  poured  in  hot,  the  bars  already  having  a 
coat  of  red  lead  put  on. 

Mr.  K.  Torrance^  Jr. — Are  these  brazed  wires  always  reliable? 
Can  you  always  tell  whether  a  man  has  brazed  a  joint  properly  ? 
I  should  think  an  error  might  come  in  the  workmanship. 
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Mr.  Henning. — Of  course  a  man  can  always  make  mistakes. 
But  so  many  tests  have  been  made  of  it,  that  we  know  that  when 
a  joint  is  brazed  well  on  the  edge  it  is  certainly  good  on  the 
inside.  It  is  not  like  a  weld,  which  might  be  bad  on  the  inside 
and  good  on  the  outside.  But  if  the  wire  was  hot  enough  to  braze 
at  all,  it  certainly  was  brazed  on  the  inside.  If  the  edge  is  bad, 
no  chance  is  taken,  but  it  is  brazed  over  again.  We  find  that 
either  brass  or  copper  brazing  is  perfectly  satisfactory,  and  makes 
a  wire  of  uniform  thickness  everywhere,  and  never  allows  the 
wire  to  catch  in  passing  over  the  sheaves,  in  running  it  over  the 
towers,  and  a  great  many  other  difficulties  are  avoided.  We  find 
very  little  difficulty  in  brazing. 

Dr,  Charles  E.  Evwry, — The  first  consideration  relative  to  the 
protection  of  a  metal  structure  from  oxidation  seems  to  be  an 
examination  of  the  cause  of  corrosion.  If,  as  has  been  claimed, 
corrosion  is,  in  the  main,  due  to  the  small  quantity  of  carbonic 
acid  in  the  atmosphere  absorbed  by  moisture  in  contact  with  the 
metal,  and  the  moisture  is  at  times  partly  evaporated,  so  that  the 
concentrated  acid  solution  attacks  the  metal  virulently,  evidently 
the  way  to  protect  the  metal  is  simply  to  cover  it  thoroughly  with 
a  substance  which  will  keep  out  the  moisture.  Paints  of  various 
kinds  are  used  for  tliis  purpose.  The  interior  of  a  tube  does  not 
corrode  if  the  ends  are  closed,  even  when  not  painted,  and,  where 
the  air  is  dry  and  current  sluggish,  corrosion  takes  place  quite 
slowly.  I  had  the  great  pleasure— in  a  scientific  sense— of  study- 
ing these  questions  when  repairing  one  of  the  original  iron 
steamers  built  in  this  country,  which  had  at  the  time  been 
operated  in  the  merchant  and  government  service  for  over  thirty 
years.  It  was  built  with  simple  bar  iron  for  frames,  with  plating 
held  on  by  clamps  bent  down  over  the  bars  and  riveted  each  side. 
The  officers,  in  cleaning  the  interior  of  the  hull,  found  scales" 
so  thick  that  they  feared  their  removal  would  let  in  water  from 
the  outside,  and  some  other  evidences  had  caused  a  feeling  of 
distrust  as  to  the  safety  of  the  vessel  among  the  officers  and  crew. 
I  inspected  the  vessel  for  the  purpose  of  repair,  with  private 
instructions  to  keep  her  going,  if  I  could,  with  moderate  repair,  on 
account  of  shortness  of  money.  I  had  the  vessel  docked,  and  her 
bottom  did  sound  very  much  like  a  drum  in  many  locations. 
Confidence  was  restored  by  asking  the  different  officers,  particu- 
larly those  who  could  not  use  a  chisel  very  well,  to  try  and  cut 
holes  through  the  bottom  so  that  I  could  inspect  the  thickness, 
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and,  as  the  plates  were  without  substantial  backing,  they  had  a 
pretty  hard  time.  [Laughter.]  At  the  same  time  I  instructed  the 
engineers  to  carefully  sound  the  bottom,  and  where  it  seemed 
particularly  thin,  to  cut  a  hole  the  size  of  a  rivet  and  ream  it  out, 
so  that  the  thickness  could  be  ascertained,  and  not  hesitate  to  put 
the  hand-hammer  through  the  bottom  wherever  it  was  reasonably 
possible.  The  vessel  was  built  for  light  draft,  probably,  with  few 
plates  exceeding  five-sixteenths  of  an  inch,  and  many  one-quarter 
inch  thick.  The  space  inspected  was  nearly  200  feet  long,  and  30  to 
40  feet  broad,  and  a  large  proportion  of  this  great  area  was  in 
fair  condition.  Places  as  thin  as  one-sixteenth  inch  were  found, 
but  were  mostly  of  comparatively  small  area,  and  the  metal  was 
well  supported  by  thicker  surrounding  metal,  so  that  cavities 
leaving  one^ighth  inch  of  metal  were  not  touched.  On  this  basis 
less  than  twenty  patches  were  required,  many  of  them  containing 
only  a  few  square  feet,  though  at  a  few  places  a  plate  as  large  as 
could  be  procured  was  laid  over  the  other  sheets  and  secured  at 
the  edges  by  rivets  to  the  thicker  metal.  The  vessel  ran  about 
five  years  with  these  repairs,  and,  finally,  about  ten  years  ago,  at 
my  suggestion,  was  brought  North,  all  woodwork  removed,  the 
iron  scraped,  new  angle  frames  put  amidships,  other  frames 
stiflfened  by  angles,  and  the  hull  covered  with  wood  planking 
bolted  through  the  old  plates,  and  occasionally  secured  by  a  hook 
bolt  over  a  frame,  making  practically  a  new  composite  vessel, 
^hich  was  running  at  last  accounts. 

The  original  inspection  of  the  exterior  and  interior  of  that, 
vessel  showed  what  ordinary  care  would  do  with  an  iron  vessel 
throughout  that  long  period.  At  points  where  there  was  much 
rubbing  of  the  hull,  as  in  the  bilges  abreast  of  the  machinery,  the 
plates  were  weakened  to  the  greatest  extent  simply  because  the 
paint  applied  for  protection  was  sooner  rubbed  oflf.  Forward  and 
aft,  where  the  vessel  narrowed,  at  points  under  the  floor  and 
behind  the  ceiling,  accessible  with  difficulty,  masses  of  what 
appeared  to  be  rust  over  two  inches  thick  were  found,  and  on 
ordering  the  men  to  break  them  loose,  they  feared  their  chisel  bars 
would  go  through  the  bottom,  but  were  told  to  proceed  neverthe- 
less. Instead  of  finding  a  hole,  the  iron  under  these  masses  Avas 
generally  found  in  fair  condition,  and  the  masses  represented 
masses  of  rust,  paint,  and  whitewash  which  had  accumulated  from 
year  to  year  with  the  desire  to  keep  everything  clean  and  covered 
up  for  neatness  and  protection.  From  these  illustrations  we  see 
18 
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the  philosophy  of  the  protection  of  iron,  and  one  of  the  papers 
has  stated  it  in  substance.  We  must  keep  it  covered  and  prevent 
the  air  from  reaching  it.  Linseed  oil  is  an  important  component 
part  of  good  paint,  but  it  does  not  follow  that  it  should  be  used 
without  a  pigment.  In  drying,  linseed  oil  becomes  very  porous ; 
in  fact,  under  the  microscope  it  resembles  a  piece  of  tripe.  The 
principal  object  of  the  pigment  is  to  fill  the  pores,  and  the  finer 
the  pigment  the  better  they  will  be  filled  and  the  more  nearly 
water-tight  the  paint  will  be.  Lampblack  is  an  ideal  pigment  for 
some  purposes.  On  iron  plates  which  have  laid  about  for  a  con- 
sidemble  period  before  use,  the  black  letters  and  distinguishing 
marks  remain  frequently  after  all  other  paint  is  destroyed ;  but 
ordinary  paints  require  more  body,  and,  notwithstanding  the 
great  variety  for  selection,  good  red  lead  is  most  favorably  con- 
sidered  and  most  frequently  employed  in  naval  work,  particularly 
for  direct  application  to  the  iron,  and  a  second  coat,  made  largely 
with  white  lead,  is  applied  with  another  pigment  to  give  the 
desired  color.  The  old  ship  had  no  scientific  care.  As  soon  as 
rust  appeared  or  the  surfaces  became  dirty  they  were  painted; 
some  parts  were  whitewashed.  Again,  when  painting  was  ordered, 
the  sailors  were  careless,  and  painted  over  the  whitewash ;  but  the 
result  was  that  the  air  was  kept  from  the  plates  in  the  least 
accessible  part  of  the  vessel,  and  they  were  protected.  The  same 
principles  should  be  applied  in  protecting  other  structures.  If  a 
rust  spot  appears,  scrape  it  and  paint  it.  Keep  the  iron  covered. 
If  the  paint  is  mixed  properly,  it  can  best  be  applied  by  common 
laborers,  as  it  is  the  business  of  skilled  painters  to  make  a  finish 
and  save  paint. 

Mr.  Wood. — Reference  has  been  made  to  the  decreasing  of 
strength  in  the  electrical  welding,  and  as  Mr.  Spilsbury  thinks 
that  possibly  it  runs  from  92  to  98  per  cent.,  92  being  the  limit 
of  the  reduction  in  strength,  that  amount  of  the  original  strength 
of  the  steel  is  left ;  and  the  advocates  of  the  screw  couplings  are 
equally  strong  that  that  is  the  proper  way  to  join  it,  and  yet 
what  is  the  strength  of  the  iron  left  after  the  screw  coupling  is 
put  together?  Certainly  the  threading  of  the  wire  enough,  there 
being  no  upset,  to  get  the  full  depth  or  strength  of  the  wire  at 
the  bottom  of  the  thread  must  weaken  it,  and  where  it  cannot  be 
screwed  beyond  the  last  thread  of  the  wire  and  the  first  thread  of 
the  coupling,  there  is  the  element  of  weakness  and  the  nick  which 
any  little  strain  will  start  as  a  fracture,  and  yet  that  coupling  will 
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have  the  same  percentage  of  strength  as  the  wire ;  and  I  never 
have  been  able  to  ascertain  from  the  Brooklyn  Bridge  people  the 
tests  on  that  point.  I  think  Dr.  Emery  has  been  in  a  better  posi- 
tion. Possibly  from  memory  he  could  recall  what  that  is — the 
Strength  of  the  screw  coupling  tested  after  the  wires  are  joined 
as  compared  to  the  strength  of  the  whole  wire  from  which  that 
coupling  is  made. 

Dr.  Emery, — I  think  that  has  been  stated  by  Mr.  Henning. 
They  ran  up  to  96  or  97  per  cent. — very  near  the  ultimate 
strength. 

Mr,  Wood, — That  I  understood  was  the  brazing  method. 

Mr,  Benning — ^Xo,  sir;  it  could  not  be  done  with  brazing.  It 
is  done  with  screw  coupling  for  the  reason  that  the  thread  is 
tapered  ;  being  a  special  thread,  it  runs  out  to  nothing,  so  that  the 
first  thread  on  the  wire  is  very  shallow  and  practically  runs  out, 
and  it  weakens  the  wire  very  little;  at  the  end  of  the  wire  there 
is  a  full  thread. 

Mr,  Wood, — I  know  that  the  ends  of  the  wire  in  the  Brooklyn 
Bridge  were  tapered  under  the  supposition  that  as  they  screwed 
them  together  the  tapers  would  slip  by  each  other  and  you  would 
get  a  further  admission  for  the  wire  than  you  would  with  a  plain 
end,  and  it  was  thought  that  the  bruising  of  the  wires,  as  these 
scarfed  joints  slipped  past  each  other,  also  added  to  the  strength 
of  the  joint.  That  position  I  never  have  been  willing  to  conceile. 
I  think  that  the  couplings  would  have  been  equally  strong  and 
would  have  endured  as  much  fatigue  and  service  if  the  end  of  the 
wire  had  been  cut  off  square  and  it  had  simply  been  screwed  to- 
gether butt  to  butt,  or  so  far  as  the  last  taper  of  the  wire  would 
have  allowed  it  to  enter  the  couplings. 

Mr,  Henning. — The  ends  of  the  wire  were  bevelled,  because  in 
running  around  the  sheaves  the  wire  couplings  would  untwist 
occasionally  and  fall  into  the  river;  but  by  bevelling  the  two 
ends — they  had  about  a  sixty-degree  angle — it  prevented  the  wire 
from  uncoupling.  The  coupling  was  turned  on  to  the  wires, 
having  right  and  left  threads;  the  wires  were  not  turned  into  the 
coupling.  When  the  ends  overlapped  there  was  nothing  to  undo 
them  except  to  hold  the  two  wires  and  reverse  the  coupling.  It 
was  simply  a  means  for  preventing  the  wires  from  uncoupling  in 
drawing  them  over  the  river. 

Mr,  Wood, — Do  you  think  there  was  below  97  per  cent,  of  the 
strength  of  the  wire,  on  an  average  ? 
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Mr.  Hennin^.  —  My  recollection  is  that  92  per  cent,  was 
reached.  The  strength  of  the  wire  was  frequently  only  83  per 
cent. 

Mr.  M.  P.  Wood.* — Mr.  Sabin  calls  attention  to  the  dangerous 
qualities  of  the  oxide  of  iron  paints  made  from  burnt  ore  (as 
per  the  case  of  corrosion  cited  in  the  paper),  and  which  contain 
notable  percentages  of  copper  salts  as  well  as  free  sulphuric  acid, 
both  active  agents  not  only  of  corrosion  to  the  metallic  surfaces 
coated  with  them,  but  they  are  also  the  cause  of  the  decomposi- 
tion of  the  oil  or  other  vehicle  with  which  the  pigment  is  mixed. 
These  burnt-ore  paints  are  imported  to  this  country  and  used  to 
the  extent  of  hundreds  of  tons  yearly,  entering  the  field  of  com- 
petition with  our  own  maiiufacture  of  iron-oxide  paints  made 
from  ground  hematite  ores,  the  roasting  of  which  is  not  alone  to 
expel  the  moisture,  but  the  sulphur  which  all  such  ores  contain. 
Both  the  burnt-ore  and  hematite-ore  paints  are  of  a  dirty,  purplish- 
brown  color,  unattractive  to  whatever  structure,  wood  or  iron, 
they  may  be  applied. 

The  oxide  of  iron  pigment  derived  from  the  roasting  of  cop- 
peras, the  bye-product  from  wire  manufacture,  is  by  far  the 
brightest  and  most  attractive  in  color  of  all  of  the  iron-oxide 
paints,  but,  like  all  the  other  kinds  of  oxide  pigments,  contains 
a  large  per  cent,  of  free  sulphuric  acid  not  expelled  by  the 
roasting  process,  and,  to  correct  the  injurious  character  of 
which,  the  paint-makers  mix  carbonate  of  lime  with  the  oxides, 
the  acid  being  in  a  measure  neutralized  by  changing  the 
carbonate  to  a  sulphate  of  lime,  an  inert  substance  that  in  its 
native  state  is  sometimes  used  as  a  cheap  pigment  by  reason  of 
the  ease  with  which  it  is  ground  and  incorporated  with  the  oil, 
and  its  neutral  character  in  combination  with  other  pigment 
substances.  It  is  well  to  note,  however,  that  the  paint  chemists  of 
our  leading  railways,  who  use  mixed  paints  by  the  hundreds  of 
tons  yearly,  test  these  oxide  of  iron  paints,  and  where  over  a  given 
percentage  (generally  five)  of  sulphate  of  lime  is  present,  condemn 
the  invoice  on  account  of  the  perishable  nature  of  the  adulterants. 
Inasmuch  as  the  production  of  iron^xide  pigments  in  the  United 
States  for  the  year  1896  amounted  to  75,219  short  tons,  in  addi- 
tion to  some  10,000  tons  imported,  it  shows  the  extensive  charac- 
ter of  their  use  for  all  paint  purposes  on  wood  and  iron  structures 

*  Author's  closure,  under  the  Rules. 
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of  high  and  low  degree,  and  no  doubt  the  higher  class  of  these 
iron  stractnres  get  their  share  of  it. 

Mr.  Nichols  remaris  that  graphite  paints  are  liable  to  nm  and 
are  uncertain  in  covering  power  from  this  cause,  and  attributes 
this  difficulty  to  the  lubricating  nature  of  the  foliated  graphite 
used  for  the  pigments.  Foliated  graphite  is  hard  to  grind  to  the 
requisite  d^^ree  of  fineness  for  a  good  pigment.  The  advocates 
of  graphite  paints  lay  much  stress  upon  the  ideal  character  of 
the  foliated  pigment,  lapping  and  overlaying  each  other  like  the 
scales  of  a  fish ;  but  a  sample  of  this  ideal  coating  under  the 
microscope  shows  the  said  scales  to  lie  in  all  conceivable  directions 
without  any  reference  to  each  other  as  a  protection  for  the  covered 
surface.  This  ideal  coating  is  rather  mythical  in  character  when 
taken  in  connection  with  the  fact  that  the  manufacturers  adver- 
tise as  a  special  hrand  of  their  graphite  products  a  silica  graphite 
which  contains  a  notable  per  cent,  of  ground  silica  incorporated 
with  the  foliated  graphite,  and  is  supposed  to  correct  the  want  of 
covering  power  or  tendency  to  run  which  the  foliated  graphite 
labors  under.  And  so  it  does  in  a  measure ;  but  it  is  safe  to  say 
that  could  the  graphite  manufacturers  use  their  scrap  material, 
unsuitable  for  pencils,  crucibles,  and  other  purposes,  in  any  other 
form  than  as  a  silica-doctored  pigment,  they  would  do  so  and 
not  risk  a  comparison  of  its  merits  with  a  sample  of  amorphous- 
graphite  pigment  prepared  from  nature's  ore,  which  will  not  only 
grind  finer  than  any  silica-foliated  graphite  sample,  but  will  mix 
better  with  the  oil,  dry  quicker  without  running,  dry  harder, 
and  prove  more  lasting  in  every  respect,  and,  furthermore,  con- 
tains no  acid  to  be  cajoled  into  innocuous  desuetude,  or  into  inert 
substances  to  be  easily  broken  down  to  lower  and  decaying  ele- 
ments, and  which  has  no  injurious  effect  upon  the  oil  to  hasten 
within  itself  the  process  of  decomposition  and  decay. 

Mr.  Nichols  remarks  that  for  wire  suspension  bridges  the  wires 
need  some  coating  more  durable  than  paint  coverings,  and  that 
galvanizing  seems  to  be  the  best  coating  for  this  purpose.  This 
is,  no  doubt,  correct  for  ordinary  steel  or  iron  wires ;  but  to  secure 
the  maximum  of  strength  with  the  minimum  of  weight  the  use 
of  high  carbon  crucible  steel  oil-tempered  wires  will  be  requisite, 
and  as  galvanizing,  as  well  as  the  electric  welding  or  copper  sol- 
dering of  the  joints,  appears  to  reduce  the  strength  of  the  wires 
materially,  the  screw  joint  must  be  adopted,  with  a  cold  process  of 
electro-ileposit  of  zinc  or  copper  as  the  protective  coating,  similar 
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to  the  Cowper-Cowles  process,  in  use  at  many  shipyards  in  Eng- 
land for  the  coating  of  the  frames  of  torpedo  boats,  which  is  fully 
described  in  the  Trcmsactions  of  the  American  Society  of  Mechan- 
ical Engineers,  Vol.  XVI.,  1894,  paper  number  626,  p.  365. 
This  cold  process,  when  zinc  is  used  as  the  protective  coating  to  the 
metal,  is  called  zincing,  and  does  not  affect  the  strength  of  the 
wire  by  annealing  it,  but  leaves  it  at  the  original  strength  of  that 
due  to  the  oil  tempering.  Furthermore,  it  avoids  the  difficulty 
experienced  in  all  hot  galvanizing  processes.  The  formation  on 
the  surface  of  the  metal  of  a  thin  film  of  the  basic  chloride  of 
zinc,  which  material  is  of  a  hygroscopic  nature,  acts  as  a  repel- 
lent to  prevent  the  close  adherence  of  the  paint  to  the  metal,  and 
the  paint  dries  as  a  skin  over  it.  This  action  is  due  to  the  sal- 
ammoniac  bath,  necessary  in  all  hot  galvanizing  processes.  A 
remedy  for  this  tendency  of  the  paint  to  peel  off  is  given  in  paper 
No.  626,  p.  360. 

In  the  electro-deposit  of  copper  by  the  Cowper-Cowles  or 
other  cold  processes  for  the  protection  of  wire  surfaces,  complaint 
has  been  made  of  the  porous  nature  of  the  copper  deposit.  This 
difficulty  is  easily  overcome  by  redrawing  the  wires  as  a  final 
process  before  painting  them  and  placing  them  in  the  cables. 

Mr.  Buck's  remarks  upon  the  apparent  good  condition  of  the 
wire  cables  of  the  Niagara  Falls  Suspension  Bridge  are  of  interest, 
as  the  writer  has  been  and  is  at  variance  with  him  upon  this  special 
point  of  protection  from  corrosion  of  all  Avire  and  other  metallic 
surfaces  thus  coated.  Mr.  Buck  states  that  the  wires  in  the  Niagara 
Bridge  were  boiled  in  linseed  oil  (evidently  as  they  came  from  the 
wire  manufacturer  in  coils)  and  subsequently  were  treated  with 
raw  linseed  oil  when  laid  out  ready  to  assemble  into  the  cable,  and 
finally  at  the  time  of  placing  them  in  position  were  served  with  a 
coating  of  (presumably)  Spanish  brown  paint,  and  then  wrapped 
with  an  iron  wire  and  white  lead-paint  covering.  Mr.  Buck  also 
states  his  preference  for  the  use  of  raw  linseed  oil  as  a  protective 
coating  for  metallic  surfaces,  as  the  oil  penetrates  or  soaks  into 
the  mill  scale  of  manufacture,  etc.  The  writer's  experience  points 
to  the  direct  contrary  conclusion.  Mill  scale  is  a  ferric  oxide  which 
is  hard  enough  to  scratch  glass,  and  is  often  used  to  clean  and  polish 
metallic  surfaces.  Formed  upon  the  surface  of  any  metallic  body^, 
it  is  as  impervious  to  the  soak-in  action  of  any  paint  or  oil  coating 
as  the  metal  plate  itself.  It  may  be  coated  with  oil  or  paint,  and 
if  the  scale  is  loose  from  the  metal  or  free  in  spots,  the  oil  may 
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work  in  between  the  scale  and  the  metal,  but  the  very  hardness 
and  impervious  character  of  the  scale  will  jft^event  any  subsequent 
drying  of  paint  or  oil  by  preventing  access  to  the  air,  from  which 
all  the  effects  of  drying  or  resinification  of  the  oil  are  due ;  the 
external  part  of  the  oil  coating  dries  and  leaves  the  enclosed  film 
of  oil  as  tightly  sealed  as  though  it  were  in  a  jug.  Linseed  oil  or 
paint  does  not  dry  in  a  closed  vessel,  however  long  kept.  It  needs 
and  must  have  air  to  induce  the  hardening  of  the  coating,  whether 
a  pigment  is  mixed  with  it  or  not.  Mill  scale  should  have  no 
part  or  parcel  in  any  protective  methods  adapted  for  the  protec- 
tion from  corrosion  of  any  structure  the  cost  of  which  is  reckoned 
by  thousands  of  dollars,  and  much  less  so  when  the  cost  is  reckoned 
by  the  millions. 

Raw  linseed  oil  contains  from  five  to  eight  per  cent,  of  water 
and  impurities  called  "  mucosities,"  composed  of  vegetable  albu- 
men and  mucilage,  which  prevents  drying.  Raw  linseed  oil  requires 
from  five  to  six  times  as  long  to  dry  as  the  same  oil  which  has  been 
boiled  ly  heaty  which  evaporates  the  water  in  the  oil  and  throws 
down  the  impurities  in  it.  These  impurities,  unless  removed,  are 
the  first  to  decay,  and  add  the  acids  of  decomposition  to  destroy 
the  oil  in  the  paint  coating.  No  pigments  added  to  the  oil  will 
prevent  this  decomposition  of  the  impurities.  They  may  delay 
its  action,  but  cannot  prevent  it.  The  changes  in  linseed  oil  due 
to  its  boiling  are  quite  complicated,  and  have  not  been  clearly 
defined  by  analytical  chemists.  We  do  know,  however,  that 
during  the  process  of  boiling,  the  addition  of  sulphate  of  zinc 
throws  down  the  "  mucosities "  to  a  notable  amount,  and  the 
further  addition  of  peroxide  of  iron  (umber),  litharge  (protoxide 
of  lead),  minium  (red  oxide  of  lead),  peroxide  of  manganese,  and 
other  compounds,  being  of  themselves  oxidizable  in  combination, 
act  catalytically  in  increasing  the  oxygen-absorbing  power  of  the 
oil.  Without  this  purification  of  the  oil  the  manufacture  of 
linoleum  would  be  impossible.  The  addition  of  about  one  per 
cent,  of  the  above  oxidizing  elements  to  the  oil,  and  boiling  for 
about  five  hours  at  a  temperature  of  350  degrees  Fahr.,  aided  by 
the  injection  of  a  current  of  air  during  the  boiling  process,  evapo- 
rates the  water,  throws  down  the  *'  mucosities,"  evolving  in  the 
process  large  quantities  of  the  fumes  of  acrolein,  that  are  not  only 
injurious  to  inhale,  but  are  corrosive  to  iron.  The  oil  gains  in 
.  weight  during  the  process,  being  lighter  than  water  before  boiling 
and  heavier  than  water  after.     This  purified  oil  applied  to  scrim 
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(cotton  cheese-cloth)  dries  in  twenty-four  hours  to  a  resinous,  semi- 
elastic,  caoutchouc-like  mass  from  the  rapid  absorption  of  oxygen 
from  the  air,  forming  oxylinoleic  acid  (CieHjcOg).  The  accu- 
mulation of  this  plastic  mass  upon  the  scrim  is  continued  until 
it  reaches  three-quarters  of  an  inch  or  more  in  thickness,  when  it  is 
ready  to  be  incorporated  by  grinding  it  with  the  ground  cork 
which  makes  with  it  the  linoleum  of  commerce.  The  oil  gains  in 
weight,  as  applied  to  the  scrim,  from  eleven  to  sixteen  per  cent., 
and  Sace  reports  cases  in  which  the  gain  in  weight  was  nearly 
fifty  per  cent,  after  complete  resinification.  When  the  linseed 
oil  is  cold-drawn  and  pure,  and  the  boiling  and  other  processes  are 
carefully  conducted,  the  scrim  mass  is  insoluble  in  ether,  alcohol, 
chloroform,  and  carbon  bisulphide  ;  even  boiling  naphtha  only  dis- 
solves a  trace  of  it.  Treated  with  naphtha  under  pressure  in  a 
steam  kettle,  it  only  softens,  and  can  be  worked  as  a  paste  when 
in  this  condition.  The  only  action  which  dilute  acids  have  upon 
it  is  to  dissolve  a  small  quantity  of  the  oxide  of  lead  used  in  it  as 
a  drier.  Hydrochloric  acid  dissolves  it  only  slowly,  while  concen- 
trated sulphuric  and  nitric  acids  dissolve  it  rapidly. 

This  oxidizing  change  in  the  linseed  oil,  carried  to  a  lower 
degree  than  for  use  in  linoleum,  is  what  we  get  as  a  vehicle  or 
medium  for  our  paint  compounds.  That  the  vehicle  protects  the 
pigments  from  decay  is  without  question,  particularly  where  the 
pigment  is  made  from  the  argiliferous  substances,  like  Spanish 
white  (prepared  chalk),  Spanish  brown  (an  earth,  principally  clay, 
like  potters'  clay,  of  a  reddish-brown  color,  due  to  the  sesquioxide 
of  iron),  and  other  inert  mineral  substances  which  are  easily  broken 
down  or  decomposed  by  moisture. 

If  the  pigment  is  made  from  harder  materials  than  the  above 
substances  and  contains  amorphous  graphite,  silica,  barytes,  ground 
slate,  and  kindred  substances  which  are  impervious  to  moisture,  the 
protective  qualities  of  the  paint  are  then  due  to  the  mutual  rela- 
tions of  both  the  oil  and  the  pigment.  The  outer  coating  of  the  oil, 
when  worn  away  by  atmospheric  conditions,  exposes  the  finely 
ground,  angular,  and  practically  indestructible  grains  of  the  pig- 
ment which  protect  the  inner  layers  of  the  oil  from  wear,  much 
as  sanding  the  coat  of  a  freshly  spread  paint  extends  the  life  of 
the  paint  coating.  As  a  rule,  the  poorer  the  paint  the  more  need 
of  its  sand  dressing.  A  modification  of  this  sand  dressing  of 
paint  is  extensively  used  in  all  of  our  modem  naval  iron  vessels, 
where  ground  cork  is  applied  to  the  freshly  painted  surface  to 
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prevent  condensation  and  deposit  of  moisture  upon  the  walls  and 
inside  surfaces. 

Mr.  Boyer's  citation  of  the  freedom  from  corrosion  of  the  chain 
suspension  bridge  at  Newburyport,  Mass.,  erected  104  years  ago, 
and  not  painted  during  the  past  thirty  years,  is  of  interest.  It 
shows  the  preservative  qualities  of  a  good  linseed  oil  (that,  no 
doubt,  was  pure)  and  a  lampblack  pigment — a  combination  as 
nearly  indestructible  as  any  paint  can  be.  Spanish  black  (charred 
cork  ground)  is  also  a  meritorious  pigment  for  such  structures. 
Both  afford  a  most  excellent  groundwork  for  any  subsequent 
paint  coating  where  color  or  aesthetic  effects  are  wanted. 

The  writer  is  pleased  to  add  the  testimony  of  Mr.  Sabin — of  na- 
tional reputation  as  a  chemist — ^to  the  deleterious  and  fictitious 
value  of  oxide  of  iron  pigments  applied  for  the  prevention  of 
corrosion  to  metallic  stnictures.  The  compound  oil,  varnish  gum, 
and  asphalt  coating  mentioned  by  Mr.  Sabin  is  one  of  the  most 
durable  protective  coatings  which  can  be  devised  for  coating  metal- 
lic surfaces.  That  it  can  be  baked  at  a  moderate  heat  into  a 
japan  or  enamelled  surface,  firm  and  hard,  filling  every  crevice, 
however  small,  of  the  coated  surface,  a  coating  which  resists  acidu- 
lous fumes  and  liquids,  is  of  extreme  value.  An  added  recommen- 
dation  is  that  a  modified  compound  which  can  be  applied  with  a 
brush  as  a  paint  has  nearly  the  same  protective  effect  as  the 
japan  quality. 

The  importance  of  an  easily  applied  and  eflBcient  paint  coating 
for  all  ferric  bodies  other  than  for  first-class  building,  railway, 
and  bridge  structures  is  exemplified  in  many  instances.  At  a  late 
meeting  of  the  American  Gas  Light  Association  Oten.  J.  P. 
Harbinson,  engineer  of  the  Hartford,  Conn.,  Gas  Light  Company, 
reported  that  the  wrought  iron  service  pipes  laid  by  that  company^ 
and  in  use  about  forty  years,  had  in  many  cases  completely  disap- 
peared, the  service  being  a  core  of  earth  and  rust.  Other  gas  en- 
gineers report  similar  conditions  under  twenty  years  of  use,  and 
that  the  leakage  of  gas  is  frequently  twenty-five  per  cent,  of  the 
quantity  manufactured,  the  loss  being  principally  due  to  corroded 
service  pipes.  The  use  of  galvanized  iron  service  pipes  is  giving 
somewhat  better  results.  General  Harbinson  thinks  twelve  years 
a  fair  life  for  such  pipes,  much  depending  upon  the  nature  of  the 
soil  in  which  the  pipes  are  laid.  Pipes  laid  in  made  soil  composed 
of  ashes,  street  sweepings,  etc.,  are  seriously  affected  in  a  short 
time,  principally  where  the  threads,  cut,  have  exposed  the  metal. 
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Ordinary  paint  compounds,  with  which  the  screw  joints  are  made, 
soon  waste  away  from  the  acids,  ammonia,  etc.,  in  the  soil,  and 
corrosion  is  localized  and  hastened. 

Gen,  Alfred  Hickenlooper,  president  of  the  Cincinnati  Gas 
Light  and  Coke  Company,  reports  a  similar  condition  and  cor- 
rosion of  service  pipes  in  his  city.  He  has  used  a  special  coating, 
devised  by  himself,  to  correct  this  evil.  The  pipes  are  first 
brushed  with  stiff  steel  brushes  to  remove  all  the  mill  scale  possi- 
ble ;  then  the  ends  are  plugged,  and  the  pipes  immersed  in  the 
following  mixture  and  manner :  Twenty  gallons  of  coal-gas  tar 
are  brought  up  to  a  boiling  heat  for  a  short  time  to  evaporate  as 
much  of  the  water,  acids,  ammonia,  etc.,  then  twenty  pounds  of 
freshly  slacked  lime  are  sifted  in  from  the  top  and  well  worked 
down.  Boil  down  to  a  paste  or  a  consistency  about  midway  be- 
tween tar  and  pitch.  Let  it  settle  for  a  short  time,  then  add  four 
pounds  of  tallow  and  one  poulid  of  powdered  resin;  stir  until 
thoroughly  dissolved  and  incorporated  with  the  tar,  then  let  it 
cool  and  settle.  Ladle  off  into  barrels.  When  ready  for  use,  to 
each  barrel  of  forty-five  gallons  of  the  above  mixture  add  four 
pounds  of  crude  rubber  dissolved  in  turpentine  to  the  consistency 
of  thick  cream.  Heat  the  mixture  to  about  100  degrees  Fahr., 
and  immerse  the  ipi^jpreviottsly  heated  to  about  the  same  temper- 
ature. After  a  few  minutes'  immersion  the  pipes  are  taken  out 
and  laid  upon  a  pipe  rack  to  harden  and  dry.  When  the  pipe  is 
laid  in  the  trench  the  screwed  ends  and  other  parts  of  the  pipe, 
where  the  coating  has  been  injured  by  handling,  are  served  with 
a  heavy  coat  of  the  same  mixture,  which  is  also  spread  over  the 
whole  length  of  the  top  of  the  pipe  as  an  extra  coating.  These 
pipes,  thus  treated,  have  been  in  use  for  some  ten  years  and  are 
in  perfect  condition.  The  United  Gas  Improvement  Company 
and  other  large  gas  companies  have  adopted  the  same  method  of 
protection  for  their  service  pipes,  with  apparently  equally  good 
results.  The  failures  thus  far  reported  show  that  the  process  was 
not  to  blame,  but  rather  the  lack  of  thoroughness  or  intelligence 
displayed  in  its  application.  The  latter  difficulty  is  found  to  exist 
in  the  use  of  almost  all  protective  methods  for  the  preservation 
of  metallic  bodies.  Haste  makes  waste  wherever  "  rmh  the  work  " 
is  the  slogan. 

In  connection  with  this  subject  it  may  be  of  interest  to  cite 
that  the  city  of  Philadelphia,  with  municipal  control  of  the  gas 
supply  at  one  dollar  per  thousand  cubic  feet,  from  the  official 
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reports  of  the  Gas  Bureau,  has  lost  in  the  past  ten  years  $5,750,- 
000  from  leakage,  and  the  ayerage  loss  in  the  past  five  years  has 
been  at  the  rate  of  2,000,000  cubic  feet  per  day  on  this  account, 
and  at  present  the  loss  from  unaccounted-for  gas  is  $3,000  daily. 
A  late  examination  of  the  gas  system  of  Philadelphia  by  a  num- 
ber of  the  best  gas  engineers  in  the  United  States  is  to  the  effect 
that  every  thousand  cubic  feet  of  gas  made  costs  the  city  $1.36, 
for  which  only  $1  is  received. 

Some  recent  experiments  to  determine  the  difference  in  corrosion 
of  wrought  iron  and  soft  steel  have  been  made  by  the  Riverside 
Iron  Works,  with  the  following  results :  A  piece  of  iron  plate 
and  soft  stee]  plate,  both  suitable  for  boiler  tubes,  were  made 
dean  and  bright,  and  were  then  placed  in  a  sandy  loam  with 
which  had  been  thoroughly  incorporated  some  sodium  carbonate, 
sodium  nitrate,  ammonium  chloride,  and  magnesium  chloride. 
The  earth  thus  prepared  was  kept  moist.  At  the  end  of  twenty- 
three  days  the  plates  were  taken  out,  cleaned,  and  weighed,  with 
these  results: 

Iron,  lo68  by  ooiroeioQ 0.84  per  cent. 

Soft  Bteei,  loss  by  corrosion 0.73  per  cent. 

The  pieces  were  replaced  in  the  earth  and  left  for  twenty-eight 
days  longer,  or  sixty-one  days  in  all,  with  these  results : 

Iron,  total  loss  by  corrosion 2.06  per  cent. 

Steel,  total  loss  by  corrosion 1.79  per  cent. 

Mr.  Henning's  description  of  the  methods  employed  on  the 
Cincinnati  Suspension  Bridge  to  prevent  corrosion  are  well  wor- 
thy of  record  for  the  information,  if  not  for  the  instruction,  of 
the  coming  engineer  successors  in  the  trust  for  the  care  of  the 
structure.  That  all  paint  compounds  were  discarded  for  the  use 
of  oil  alone  (Mr.  Henning  does  not  say  whether  it  was  raw  oil  or 
boiled ;  in  the  latter  case  the  writer  hopes  it  was  not  of  the 
"  bung-hole  boiled  "  variety)  seems  almost  incredible.  That  the  use 
of  the  iron-oxide  pigments  was  not  permitted  on  the  structure  was 
a  commendable  decision,  and  one  in  keeping  with  the  record  from 
past  experiences  of  the  United  States  Government  Construction 
and  Bepair  Bureaus  and  of  other  engineering  departments  con- 
nected with  our  important  railway  lines.  But  why  oil  alone  was 
adopted  for  the  protection  of  the  metal- work  is  beyond  conjecture. 

The  absorbent  nature  of  linseed  oil  without  pigment  has  been 
frequently  mentioned  in  these  rustless  coating  papers,  and  in  the 
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writings  of  the  best  paint  chemists  of  the  day,  and  need  not  be 
recapitulated. 

Notwithstanding  the  testimony  of  Mr.  L.  L.  Buck  and  Mr. 
Henning  and  other  engineers  as  to  the  value  of  either  raw  or 
boiled  oil  without  pigment  for  the  preservation  of  the  wire  and 
other  surfaces  in  the  suspension  bridges  thus  far  erected  in  this 
country,  the  writer  is  still  of  the  opinion  that  its  use  was  inad- 
missible for  the  purpose,  and  in  the  lapse  of  years  will  be  found 
as  having  proved  actually  detrimental.  Had  any  experimental 
coating  of  oil  alone  been  applied  to  a  piece  of  wire  in  a  number 
of  successive  coats,  until  a  heavy  coating  had  been  obtained,  and 
the  sample  then  been  exposed  to  the  action  of  the  weather 
in  a  storm  of  such  duration  as  is  of  frequent  occurrence,  then 
by  the  application  of^a  little  pressure  the  skin  of  the  oil  would 
have  cleaved  from  the  metal  covered  as  easily  as  the  bark  of  the 
willow  used  to  slip  off  when  in  our  youthful  days  we  used  them 
for  our  whistles. 

The  adulterations  in  the  oxide  of  iron  pigments  mentioned 
by  Mr.  Henning  were  no  doubt  earthy  matter  and  clay  present 
in  the  ores  at  the  time  of  roasting  them  to  drive  off  the  sulphur 
and  water  preparatory  to  grinding.  The  analysis  of  these  iron 
pigments  is  not  a  difficult  or  long  process,  and  is  easily  performed. 
If  adulterations  are  found  and  the  sample  iron  pigment  is  con- 
demned, the  writer  can  see  no  reason  therefrom  to  condemn  all 
coatings  or  pigments,  particularly  with  the  samples  of  other 
paint  compounds,  and  the  data  in  regard  to  the  same  presented  at 
the  Detroit  meeting,  June,  1895,  of  this  Society,  and  comprising 
a  part  of  paper  637,  Vol.  XVI.,  pages  681-2  and  YOO.  These 
show  that  reliable  paint  coatings  are  in  the  market,  and  can  be 
had  at  a  reasonable  cost. 

Mr.  Henning  thinks  that  the  removal  of  the  mill  scale  from 
the  metallic  work  of  our  important  structures  is  impossible, 
owing  to  the  probable  expense  of  its  removal  being  equal,  or 
nearly  so,  to  the  cost  of  building,  etc.  While  no  accurate  data 
from  actual  work  upon  bridge  or  other  large,  first-class  structures 
are  available  for  a  reliable  statement  as  to  the  actual  cost  of 
removing  mill  scale,  either  by  the  pickling  process  or  by  the 
sand  blast,  or  both  combined,  according  to  the  size  of  the  pieces 
handled,  the  writer's  data  vary  from  one-tenth  cent  to  one-half 
cent  per  pound  for  all  of  the  material,  large  and  small  parts, 
when  thus  cleaned  and  ready  for  the  painter. 
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Certainly  any  stroctore  of  the  magnitude  of  the  Firth  of  Forth 
Cantilever  Bridge,  which  cost  over  fifteen  and  a  half  million  dol- 
lars, and  which  has  a  hundred  and  forty-five  acres  of  exposed 
metallic  snrCace  subject  to  corrosion,  and  which  requires  nearly 
one  hundred  tons  of  paint  to  cover  it  one  coat,  is  well  worth  some 
preliminary  exp^ise  for  the  removal  of  an  acknowledged  detri- 
mental element  in  the  form  of  mill  scale,  as  well  as  some  effort 
to  provide  that  the  foundation  paint  coatings,  laid  on  while  under 
shelter  and  under  good,  warm,  drying  conditions,  are  of  such 
character  as  will  reasonably  insure  success,  regardless  of  cost. 
The  proposed  Hudson  River  Susp^ision  Bridge  is  of  equal  impor- 
tance  from  an  engineering  point,  and  will  cost  even  more  than 
the  Firth  of  Forth  structure,  and  have  about  as  much  metallic 
surface  exposed  to  corrosion. 

However  well  protected  the  cables  proper  in  the  Niagara  Falls 
and  the  Brooklyn  Suspension  Bridges  are  by  reason  of  their 
external  wrapping  of  wire  and  white-lead  paint,  certainly  no 
engineer  can  inspect  the  condition  of  the  truss-work  of  the 
Brooklyn  Bridge  and  the  inroads  which  corrosion  is  making  upon 
the  strength  of  the  same  in  those  portions  of  the  trusses  upon 
which  the  whole  rigidity  and  carrying  strength  of  the  cables 
depend,  without  a  r^ret  that  more  effective  methods  of  protec- 
tion were  not  adopted  in  the  beginning,  and  a  hope  that  future 
constructions  may  be  benefited  by  the  example.  The  cost  of 
renewal  of  these  trusses  in  the  immediate  future,  the  delay  in  the 
traffic  intercourse  between  the  two  cities,  the  loss  of  money  and 
time  by  reason  of  this  delay,  may  well  warrant  the  public  in  clos- 
ing down  upon  all  financial  aid  or  countenance  of  the  project 
until  assured  that  the  money  contributed  either  in  the  form 
of  bonds  or  taxes  to  build  these  structures  is  at  least  going  to 
receive  an  intelligent  engineering  consideration,  unbiased  by  any 
fads  or  from  any  interested  pecuniary  standpoints. 

No  protective  coating  for  these  important  structures  should  be 
left  to  the  choice  of  a  so-called  master  painter,  nor  receive  any 
consideration  from  the  bridge  engineers,  in  their  specifications 
for  painting  them,  from  any  paint  manufacturer  who  is  unwill- 
ing to  file  with  his  proposals  a  full  analysis  of  his  pigments, 
oil,  or  the  combined  and  mixed  coating  proposed.  The  alleged 
trade  secrets  in  the  preparation  of  most  of  the  protective  coatings 
of  commerce  are  few  and  far  between,  and  such  scare-line  pre- 
•fixes  as   **  Permanent,"   "Petrifying,"  "  Platina,"   ''Diamond," 
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"  Electric,"  "  Scale  Armor,"  etc.,  etc.,  paints  are  only  unjustifiable 
advertisements. 

Mention  has  been  made  in  a  previous  paper  (Vol.  XVI.,  paper 
637,  p.  684)  that  the  Society  for  the  Promotion  of  Useful  Arts, 
Berlin,  Germany,  had  offered  a  silver  medal  and  a  cash  prize  of 
£150  for  the  best  paper  giving  a  chemical  and  physical  analysis 
of  the  iron  oxide  and  other  paints  in  general  use  for  anti-corrosive 
purposes,  and  the  hope  was  expressed  that  some  definite  con- 
clusion or  formulae  might  result  from  the  varied  data  and 
wide  competition  papers  and  the  discussions  had  upon  them. 
But  the  medal  and  cash  prize  were  withdrawn,  none  of  the  papers 
presented  being  deemed  of  merit  enough  to  warrant  their  issue ; 
but  from  the  papers  presented  a  few  were  selected  for  honorahle 
mention.  Among  these  is  the  essay  by  J.  Spennrath,  Director  of 
the  Technical  School  at  Aix-la-Chapelle,  translated  and  published 
by  the  Railroad  Car  Journal  of  New  York,  1896,  which  will  be 
found  of  interest  to  all  engineers  who  have  metallic  surfaces  to 
paint,  if  not  to  protect  from  corrosion.  As  a  sequence  to  the 
agitation  of  the  rustless  coating  question,  anti-corrosive  com- 
pounds  and  communications  have  been  showered  upon  the  writer 
for  the  last  two  years.  Out  of  all  these  there  are  two  which  are 
deemed  worthy  of  record,  and  these  have  not  been  experimented 
upon  by  the  writer. 

"  Uniter  "  is  the  name  of  a  new  transparent  solution  for  coating 
galvanized  iron  preparatory  to  its  being  painted.  When  the  paint  is 
applied  after  the  "  uniter"  has  been  put  on,  it  adheres  permanently, 
and  is  said  not  to  peel  off,  as  is  usually  the  case.  The  reason  which 
is  given  for  this  is  the  strong  affinity  which  the  solution  has  for 
both  paint  and  zinc.  The  application  of  the  solution  it  is  claimed 
does  not  in  any  way  cause  deterioration  in  the  zinc  and  all  oxida- 
tion is  prevented.  The  solution  may  also  be  used  on  black  sheet- 
iron,  bridge-work,  bright  iron-work,  locomotive  and  other  con- 
structional iron- work.     The  analysis  of  the  solution  is  not  given. 

A  new  process  for  the  protection  of  iron  structures  against 
corrosion  has  been  suggested  by  a  Gterman  chemist,  M.  Deninger, 
of  Dresden.  It  consists  of  treating  the  iron  with  a  solution  of 
ferrocyanide,  which  forms  a  coating  of  cyanide  of  iron  uniform 
and  impermeable  to  water,  and  is  of  such  a  nature  as  to  pro- 
tect effectively  the  iron  covered.  The  solution  applied  on  a  large 
scale  is  reported  to  have  already  given  good  results.  The  method 
of  application  is  as  follows :  ^ 
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The  solotioD  is  mixed  with  a  linseed  Yamish  (propoitioiis  not 
given >  to  which  has  be^i  added  a  little  turpentine  or  benxcJ,  so  as 
to  cause  a  homogeneous  ^nolsion  which  can  be  apfdied  with 
a  brush  or  mop  without  difficulty.  The  evaporation  of  the 
solv^it  leaves  the  varnish,  which  forms  a  coat  protecting  the 
cyanide  of  iron  which  is  deposited  upon  the  metal.  There  is  no 
necessity  for  |xeviously  preparing  the  iron  to  be  coated  in  any 
way  beyond  the  removing  of  the  beds  of  rust  which  are  too  thick 
to  admit  of  the  action  of  the  ferrocyanide.  Oil  paints  are  applied 
over  this  coating  in  such  colors  as  are  desired,  and  bond  well 
with  the  protective  coating  of  varnish  without  any  tendency  to 
peel  off. 

Dr.  Dudley,  chemist  for  the  supfdy  department  of  the  Pennsyl- 
vania Railway,  and  other  paint  chemista,  speak  very  favorably  of 
the  use  of  the  P.  &  B.  brand  of  paint  for  applying  togalvanizeil-iron 
surfaces  to  prevent  the  peeling  of  the  subsequent  paint  coatings, 
lu  solvent  is  the  bisulphide  of  carbon,  an  extremely  dangerous 
substance  to  use  from  its  inflammable,nature ;  the  fumes  given  off 
in  drying  are  also  injurious  to  the  workman,  and  if  inhaled  for  a 
short  time  in  a  confined  space  produce  paralysis,  insanity,  and 
even  death.  There  are  other  paint  or  solution  compounds  which 
are  equally  effective  to  prevent  peeling  that  are  not  dangerous  to 
use. 

A  late  communication  has  been  received  from  Mr.  Emil  Glerber 
(member  A.  S.  C.  E.)  relative  to  his  paper  presented  at  the  May 
meeting,  1895,  of  that  Society,  '*  Preservation  of  Iron  Structures 
Exposed  to  Weather,"  and  mentioned  in  the  writer's  paper  637, 
Vol.  XVI.  (June,  1895),  pp.  686-688,  in  which  iron-oxide  paints 
were  compared  with  red  lead  or  other  paint  compounds  as  to  their 
respective  protective  powers  against  corrosion.  Mr.  Gerber  objects 
as  to  the  inferences  drawn  as  to  the  meaning  of  his  words  "  ex- 
posed to  air,"  which  the  writer  rendered  *'  sea  air,"  and  he  (Cxerber) 
wished  it  corrected,  as  per  his  letter  of  December  26,  1896,  **  that 
he  did  not  distinctly  say  'sea  water'  nor  '  sea  air,'  "  a  correction 
which  I  gladly  make,  as  the  structures  in  question  are  evidently 
in  need  of  some  fostering  care  to  extend  their  life  to  a  reasonable 
age,  even  to  the  extent  of  taking  them  in  out  of  the  wet  and  only 
permitting  their  use  in  fair  weather. 

Mr.  Gerber  thinks  the  word  ''often"  should  be  prefixed  to 
"  unknown,"  as  used  in  reference  to  his  paper  in  a  comparison  of 
the  qualities  of  iron  oxide  and  red  lead  as  to  the  purity  jkr  se 
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of  the  two  pigments.  Now  the  substances  commonly  used  to 
adulterate  red  lead  are  boles  or  brickdust  for  color,  and  heavy- 
spar  or  barytes  to  give  weight,  both  practically  indestructible  and 
unchanged  in  nature  by  the  addition  of  any  oil  or  solvent  in  the 
medium,  and  but  limited  amounts  of  these  can  be  added  without 
seriously  affecting  both  the  weight  and  color  of  the  pure  red  lead, 
and  are  easily  detected.  The  diflBculty  and  cost  of  grinding  the 
hard  burnt  brick  and  barytes  to  the  requisite  degree  of  fineness  for 
a  pigment  prevent  any  liberal  use  of  these  adulterants.  Any  num- 
ber of  pounds  or  samples  of  dry  red-lead  pigment  will,  as  a  rule, 
contain  less  impurities  than  a  like  number  of  pounds  and  samples 
of  the  commercial  oxide  of  iron  pigments,  in  which  the  range  of 
stuffing  comprises  almost  every  substance  between  a  chalk  cliff 
and  an  anvil. 

Mr.  Gerber's  criticism  upon  the  effects  of  the  corrosion  in  the 
steamer  Glena/rm^  in  the  face  of  Mr.  Courtney's  (chemist)  analysis 
and  statement  of  the  cause  of  the  corrosion,  is  rather  a  lame 
attempt  of  an  iron-oxide  advocate  to  get  over  or  around  a  danger- 
ous snag.  The  writer  was  in  hopes  to  have  had  an  analysis,  to 
present  in  this  paper,  of  the  crude  burnt-ore  pigment  in  question, 
with  a  statement  from  Mr.  Courtney  as  to  what  extent  this  burnt 
ore  is  used  for  pigments  or  paint  purposes,  but  will  endeavor  to 
present  it  at  a  future  meeting ;  also,  if  possible,  an  analysis  or 
description  of  the  paint  coating  used  on  the  engine  work  which 
withstood  the  concentrated  action  of  the  sea  water  and  iron  oxide 
ore  solution.  The  writer  has  no  doubt  but  that  the  paint  used 
upon  the  engine  ironwork  which  protected  it  from  corrosion  was 
the  same  burnt-ore  oxide  pigment  used  with  a  good  linseed  oil. 
In  this  case  the  oil  protected  the  pigment  perfectly,  as  is  not 
unusual.  In  fact,  if  we  know  the  influences  to  which  a  paint  coat- 
ing is  to  be  subjected,  we  may  determine  in  advance  whether  it  will 
be  durable  or  not.  The  pigments  of  an  oil  paint  can  always  be  so 
chosen  as  to  preclude  the  destruction  by  them  of  the  coating,  but 
there  is  no  remedy  if  any  injurious  influences  attack  the  binding 
material. 

Mr.  Gerber  mentions  the  iron  floor  beams  taken  out  of  the 
old  Chicago  post-office,  which  is  at  least  of  age  (whatever  that 
may  mean),  and  which  had  been  religiously  painted  (creed  of  the 
painters  not  stated)  with  red  lead  after  first  having  received 
a  coat  of  iron  oxide  (presumably  from  an  unorthodox  brush). 
These  beams  were  in  a  pretty  good  condition,  and  in  the  best 
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Whatever  may  have  been  true  at  any  stage  of  the  develop- 
ment of  the  steam-engine  governor,  it  can  no  longer  be  said  that 
little  or  nothing  has  been  accomplished  since  the  time  of  Watt. 
In  fact,  when  the  perfected  mechanism  of  to-day  is  compared 
with  the  primitive  device  of  Watt  (which  did  little  more  than  to 
limit  the  maximum  speed),  it  is  doubtful  if  any  other  part  of  the 
steam  engine  has  made  more  progress. 

The  original  conception  of  a  governor  seems  to  have  been  the 
familiar  type  of  mechanism  in  which  a  pair  of  swinging  weights 
are  made  to  revolve  around  a  vertical  spindle  in  such  a  manner 
that  their  centrifugal  force  is  opposed  by  gravity,  any  excess  of 
either  force  resulting  in  a  swing  of  the  weights  toward  the 
greater  force,  thereby  effecting  a  corresponding  change  of  the 
steam  supply  by  means  of  suitable  connections. 

The  governing  forces  of  this  simple  mechanism  consist  of 
centrifugal  force  opposed  by  gravity.  Familiar  modifications 
of  this  construction  are  provided  with  springs  as  a  substitute 
for  gravity,  or  to  supplement  it  in  producing  centripetal  force. 
Shaft  governors,  or  shifting  eccentric  governors,  represent  an- 
other type  where  springs  are  used  to  oppose  centrifugal  force, 
and  the  introduction  of  this  class  of  governors  initiated  an  era 
of  active  development  which  has  resulted  in  marvellous  progress 
toward  perfection,  both  in  design  and  performance. 

It  is  noticeable,  in  reviewing  this  art,  that  among  all  the  varied 
forms  of  governors  which  have  from  time  to  time  made  their 
appearance,  none  have  survived  for  any  extended  period  which 
did  not  utilize  centrifugal  force  as  a  prominent  actuating 
force. 

'*' Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XYIII.  of  the 
Transactiaiu. 
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The  resistance  of  fluids  as  a  substitute  for  centrifugal  force  is 
one  of  the  systems  which  have  been  "  weighed  in  the  balance 
and  found  wanting." 

Another  interesting  theory  which  was  exploited  in  connection 
with  shaft  goyemors,  but  never  passed  beyond  the  theoretical 
stage,  is  the  substitution  of  the  resistance  of  the  load,  or  the 
pull  of  the  belt,  for  centrifugal  force  in  controlling  the  steam 
supply. 

A  modification  of  this  dynamometrical  device  appeared  in 
1883,  in  which  it  was  combined  with  a  powerful  centrifugal  gov- 
ernor and  made  to  act  in  conjunction  with  centrifugal  force,  and 
remarkable  results  were  thus  obtained,  which,  in  some  respects, 
have  never  been  surpassed. 

Simpler  devices  have  since  been  developed  in  which  centrifu- 
gal force  is  supplemented  by  other  accelerating  forces,  com- 
monly called  "inertia,"  and  the  more  complicated  dynamomet- 
rical construction  has  been  superseded;  but  it  must  ever  be 
considered  the  first  important  step  toward  the  modem  refine- 
ment of  performance. 

Secent  activity  in  this  field  of  engineering  has  been  in  the 
direction  of  the  recognition  and  utilization  of  accelerating  forces 
other  than  that  known  as  centrifugal  force.  An  early  attempt 
in  this  direction  is  found  in  the  Patent  Office  records  for  1875, 
in  the  work  of  Mr.  A  KendalL 

The  Kendall  construction  is  illustrated  in  Fig.  88,  in  which  A 
is  the  governor  frame,  fixed  to  the  shaft  J5.  Mounted  loosely 
on  this  shaft  is  the  so-called  "inertia  wheel "  C,  which  by  means 
of  links  is  connected  to  the  centrifugally  acting  weights  i>,  the 
latter  being  pivoted  to  the  governor  frame  and  wheel  and  at  E. 
The  acceleration  of  this  wheel  resulting  from  a  change  of  speed 
of  rotation,  develops  a  force  which  acts  on  the  weights  D.  This 
construction  never  came  largely  into  use,  because  the  applica- 
tion of  the  principle  was  mechanically  crude  and  clumsy,  and 
the  refinements  sought  to  be  obtained  were  lost  in  excessive 
friction. 

For  nearly  twenty  years  after  this  work  of  Kendall  no  practi- 
cal results  seem  to  have  been  accomplished  in  the  use  of  this 
accelerating  force ;  and  although  the  Patent  OflSce  reports  con- 
tain several  patents  for  mechanisms  looking  to  that  end,  no 
considerable  application  seems  to  have  been  made  in  practice 
until  within  the  last  three  or  four  years,  during  which  time 
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Prof.  R  0.  Carpenter,  Mr.  J.  Begtrup,  Mr.  F.  M.  Bites,  and 
others  have  developed  practical  devices  for  utilizing  accelerating 
» forces  which  are  extensively  used. 

A  history  of  this  development  would  not  be  complete  without 
mention  of  a  paper  on  the  subject  presented  to  this  Society  at 
the  New  York  meeting  of  1892  by  Mr.  F.  M.  Bites,  member  of 
the  Society.  This  paper  is  perhaps  the  first  publication  in 
which  the  several  accelerating  forces  are  analyzed  and  classified ; 
therefore  it  attracted  considerable  attention  from  our  leading 
engineers,  although  those  most  interested  had  cause  for  regret 
that  Mr.  Bites's  discussion  of  the  subject  and  his  mathematics 
did  not  seem  to  lead  to  any  very  practical  results. 


Fig.  88. 


Inasmuch  as  it  is  the  object  of  this  paper  to  investigate  these 
accelerating  forces  from  a  pra>ctical  standpoint  with  the  hope  of 
stimulating  general  discussion  by  the  Society,  it  will  be  best  to 
start  with  a  clear  understanding  of  what  we  are  talking  about, 
which  can  best  be  done  by  illustrating  ea>ch  of  the  forces  and 
agreeing  as  to  what  we  shall  call  it. 

Let  Fig.  89  represent  a  governor  wheel  or  disk  fixed  on  a  shaft 
S,  with  which  it  rotates.  Let  M  represent  a  mass  pivoted  at  P 
by  a  connecting  arm.  The  rotation  of  the  wheel  in  either  direc- 
tion will  cause  the  mass  Jfto  move  outward,  because  its  inertia 
resists  the  circular  path  or  the  radial  acceleration,  and  this 
accelerating  force  is  familiarly  known  as  centrifugal  force. 

Beferring  now  to  Fig.  90,  let  the  same  mass  M  be  considered 
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Fig.  91. 
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as  pivoted  on  the  sliaft  by  a  connecting  arm,  and  free  to  revolve 
around  the  shaft.  Centrifugal  force  in  this  case  is  directly 
resisted  by  the  pivot,  and  therefore  produces  no  motion  of  the 
mass  about  the  pivoi  Any  change  in  the  rate  of  rotation  of 
the  wheel,  however,  will  not  be  participated  in  by  the  mass  M 
without  a  force  developed  in  the  direction  of  the  arrows,  because 
of  the  inertia  of  the  mass  M,  and  this  force  we  will  call  tan^ 
geniial  accelerating  force^  which  corresponds  with  what  Mr. 
Bites  has  called  '^  tangential  inertia." 

Assuming  the  mass  Jf  to  be  concentrated  at  its  centre  of 
gravity  and  the  ai:m  to  have  no  weight,  then  in  Fig.  90  the  only 
accelerating  force  capable  of  producing  motion  of  this  mass 
around  the  pivot  is  what  we  have  called  tangential  accderating/orce. 

Fig.  91  is  supposed  to  represent  the  same  wheel  shown  in  Figs. 
89  and  90,  with  a  mass  Jf  equal  to  the  mass  ilf  in  Figs.  89  and  90 
and  pivoted  as  in  Fig.  90 ;  but  the  mass,  instead  of  being  concen- 
trated at  its  centre  of  gravity,  is  assumed  to  be  distributed  in  the 
form  of  a  bar  as  shown,  with  its  centre  of  gravity  remaining  as 
in  Fig.  90.  This  construction,  like  Fig.  90,  carries  the  centrifu- 
gal force  on  the  pivot  without  producing  rotation  about  it,  and, 
like  Fig.  90,  tangential  accelerating  force  is  a  prominent  force  to 
produce  pivotal  rotation. 

Another  accelerating  force  appears  in  the  construction  of  Fig. 
91,  to  which  Mr.  Bites  has  called  special  attention  in  his  paper 
referred  to,  and  which  he  calls  "  angular  inertia,"  but  which  is 
perhaps  better  described  by  the  term  angular  ar<xierating  forccy 
because  inertia  does  not  seem  to  be  an  appropriate  name  for  a 
force. 

The  magnitude  of  this  force  depends  on  the  distribution  of 
the  mass  Jf  with  relation  to  its  centre  of  gravity.  Under  the 
assumed  condition  of  this  mass  Min.  Figs.  89  and  90  no  angular 
acceleration  appears,  but  in  Fig.  91  it  becomes  a  pronounced 
force,  and  may  be  described  as  the  effect  of  the  angular  accelera- 
tion of  the  mass  about  its  own  centre  of  gravity. 

To  make  this  perfectly  clear  refer  to  Figs.  92,  93,  and  94. 
Each  of  these  figures  is  assumed  to  represent  the  same  wheel 
shown  in  Fig.  91,  and  the  same  mass  J/"  pivoted  as  in  Fig.  91. 

Botation  of  the  wheel  and  mass  3f  in  the  direction  indicated 
would  result  in  the  successive  positions  of  the  mass  M  that  are 
shown,  and  it  will  be  seen  that,  while  rotating  around  the  shaft 
Sy  it  also  rotates  around  its  centre  of  gravity. 
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To  illustrate  this  further^  suppose  the  bar  or  mass  M  is 
pivoted  at  its  centre  of  gravity  O  (Figs.  95,  96,  and  97).  Bota- 
tion  of  the  wheel  and  mass  may  now  take  place  without  rota- 
tion of  the  mass  around  its  centre  of  gravity. 

Figs.  95,  96,  and  97  represent  such  a  condition,  because  it  will 
be  seen  that  the  bar  remains  in  a  vertical  position,  while  its 
centre  of  gravity  rotates  with  the  wheel  around  the  shaft  S, 

Comparing  Figs.  92,  93,  and  94  with  Figs.  96,  96,  and  97,  it 
will  be  seen  that  the  pivoted  bar  of  the  latter  does  not  neces- 
sarily have  angular  rotation  about  its  centre  of  gravity,  while 
the  former  necessarily  has  it,  and  for  each  complete  rotation  of 
the  wheel  the  bar  has  passed  through  360  degrees  of  rotation 
around  its  own  centre  of  gravity. 

A  familiar  illustration  of  the  same  idea  is  foimd  in  the  rela- 
tion of  the  moon  to  the  earth,  the  latter  rotating  once  on  its 
axis  while  completing  its  passage  once  around  the  earth  in  its 
'  orbit,  which  causes  the  same  side  of  the  moon  to  be  continually 
toward  the  earth ;  whereas,  if  the  moon  had  no  axial  rotation  its 
entire  surface  would  be  successively  exposed  to  our  view  as  it 
passes  around  the  earth. 

From  the  foregoing  it  is  clear  that  three  accelerating  forces  are 
available  as  actuating  forces  in  a  governor.  The  most  impor- 
tant, because  of  its  being  absolutely  indispensable,  is  centrifugal 
accelerating  force,  or  centrifugal  force.  Either  or  both  of  the 
other  two  may  be  utilized  as  governing  forces,  or  they  may  be 
inoperative,  or  may  actively  oppose  the  governing  motion,  and 
thus  become  an  obstruction.  To  assist  in  governing,  they  must 
act  with  centrifugal  force  during  an  increase  of  the  rate  of  rota- 
tion, and  oppose  centrifugal  force  when  rotation  is  decreased. 

The  three  accelerating  forces  we  have  been  considering  may 
each  be  developed  by  a  separate  moving  part,  or  all  three  may 
appear  in  a  single  moving  pari  The  latter  plan  is  looked 
upon  with  most  favor  because  of  its  simplicity  and  fewness  of 
parts. 

A  study  of  these  forces  with  regard  to  their  practical  utility 
and  possible  limitations  of  usefulness  is  best  made  by  first 
investigating  them  separately,  and  then  as  a  combined  force 
developed  from  a  single  moving  part. 

Beginning  with  centrifugal  force  as  the  one  always  present  in 
every  form  of  governor,  the  radial  distance  from  the  centre  of 
gravity  of  the  moving  part  to  the  centre  of  rotation  determines 
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the  amount  of  force  developed  at  any  given  speed  of  rotation 
with  a  given  mass. 

Looking  at  this  feature  alone  it  would  seem  dersirable  to  locate 
the  centrifugally  acting  mass  as  far  from  the  centre  of  rotation 
as  possible,  so  as  to  reduce  the  mass  and  the  consequent  grav- 
ity disturbance  to  a  minimum.  The  question  of  centrifugal 
force,  however,  and  particularly  the  problem  of  initial  tension 
of  the  springs,  presents  practically  insurmountable  difficulties 
that  limit  the  radius  of  the  centre  of  gravity  of  the  centrifugally 
acting  mass  to  a  comparatively  short  one. 

It  is  not  considered  necessary  in  this  paper  to  go  extensively 
into  the  question  of  the  relation  of  the  initial  tension  of  governor 
springs  to  the  initial  radius  of  the  swinging  centrifugal  mass,  as 
the  theory  is  now  well  understood  by  engineers  conversant  with 
the  art. 

It  is  well  known  that  what  is  called  isochronism  is  only  pos- 
sible when  the  centripetally  acting  springs  are  adjusted  to  full 
theoretical  initial  tension ;  or,  in  other  words,  when  the  dis- 
tance of  initial  stretch  of  the  springs  corresponds  to  the  initial 
radius  of  the  centrifugally  acting  weight  or  mass.  The  possi- 
bility of  this  theoretical  adjustment  in.  practice  will  not  here  be 
discussed ;  but  for  the  purpose  of  this  paper  it  is  sufficient  to 
say,  that  even  where  an  approximation  to  theoretical  tension  is 
used  the  spring  problem  is  made  very  difficult,  unless  the  initial 
position  of  the  centrifugally  acting  mass  is  comparatively  near 
the  centre  of  rotation. 

Leaving  now  for  the  present  the  consideration  of  centrifugal 
and  centripetal  forces,  and  taking  up  the  accelerating  force 
which  we  have  called  tangential  accelerating  forces  we  are  again 
dealing  with  the  centre  of  gravity  of  the  movable  mass,  and  the 
magnitude  of  the  force  depends  on  the  rate  of  acceleration.  It 
makes  no  difference  whether  a  given  rate  of  acceleration  is  due 
to  moderate  change  of  rotation  and  a  considerable  radius  or 
rapid  change  of  rotation  and  a  less  radius. 

The  effect  of  tangential  acceleration  is  felt  along  a  line  that 
is  tangent  to  the  circular  path,  and  is  therefore  at  right  angles 
to  the  radius.  The  turning  moment  around  the  pivot  of  the 
movable  mass  depends  on  the  location  of  the  pivot,  and  is  there- 
fore maximum  when  the  pivot  is  on  the  radial  line  as  in  Fig.  90, 
and  zero  when  on  the  tangent  as  in  Fig.  89. 

In  intermediate  positions  the  force  is  measured  by  the  arm 
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drawn  through  the  pivot  at  right  angles  to  the  line  of  force 
which  passes  through  the  centre  of  gravity.  It  has  already 
been  said  that  the  location  of  the  pivot  in  Fig.  89  prevents  tan- 
gential acceleration  from  producing  any  turning  moment  about 
the  pivot,  and  in  Fig.  90  centrifugal  force  is  also  inoperative  for 
this  purpose  ;  so  that  if  both  these  forces  are  to  contribute  to 
the  turning  of  the  weight  around  the  pivot,  it  cannot  be  located 
in  either  of  the  positions  shown,  nor  in  opposite  positions,  and 
for  the  purpose  of  this  investigation  we  will  assume  it  to  be 
located  between  the  pivots  of  Figs.  89  and  90 ;  so  that  both  the 
forces  under  consideration  produce  turning  moments  around  the 
pivot,  the  arm  of  each  force  being  the  distance  from  the  pivot 
to  the  line  of  force  measured  at  right  angles  to  that  line.  The 
investigation  of  this  subject  so  far  may  have  seemed  rather  ele- 
mentary, but  it  has  been  done  to  prepare  for  a  further  consid- 
eration of  the  problem  on  lines  that  do  not  seem  to  have  been 
as  fully  investigated  heretofore  as  the  importance  of  the  subject 
demands. 

In  our  investigation  of  the  e£fect  of  tangential  acceleration 
so  far,  we  have  followed  the  beaten  track,  and  have  only  con- 
sidered the  effect  produced  by  a  change  of  the  rate  of  rotation 
of  the  wheel  to  which  the  movable  mass  is  pivoted.  It  is  not 
enough,  however,  to  recognize  and  measure  the  forces  that  con- 
tribute to  the  initial  actuation  of  the  governing  mass.  It  is 
quite  as  important  to  know  what  effect  the  motion  of  this  mass 
has  on  these  forces ;  also  whether  any  other  forces  are  developed 
by  this  motion  that  disturb  the  nicely  poised  condition  of  equi- 
librium between  the  centrifugal  and  centripetal  forces. 

This  equilibrium  has  already  been  referred  to  as  due  to  the 
adjustment  of  the  centripetally  acting  springs  to  the  full  theo- 
retical initial  tension,  and  when  so  adjusted  the  change  of  cen- 
trifugal force  due  to  a  change  of  the  radius  of  rotation  is  just 
balanced  by  the  corresponding  change  in  the  resistance  of  the 
spring. 

This  theoretical  equilibrium  of  adjustment,  however,  is  based 
on  the  assumption  that  centrifugal  force  varies  directly  as  the 
radius  of  rotation,  which  is  a  well-established  law  with  regard 
to  any  fixed  radius,  but  during  the  period  of  change  of  radius 
the  law  does  not  apply.  To  fully  understand  this,  it  must  be 
borne  in  mind  that  centrifugal  force  of  a  circular  path  is  that 
force  which  is  necessary  to  radially  accelerate  the  mass  from 
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the  tangent  into  the  circular  path,  and  any  change  of  radios 
modifies  this  radial  acceleration,  so  that  daring  the  period  of 
change  the  radial  acceleration  is  not  that  due  to  its  radial  posi- 
tion ;  therefore  centrifugal  force  may  be  greatly  increased  or 
decreased  by  a  rapid  change  of  radius ;  and,  in  fact,  a  rapid 
increase  of  radius  may  result  momentarily  in  a  path  correspond- 
ing to  a  tangent,  during  which  time  centrifugal  force  would 
become  zero. 

The  possibility  of  such  an  important  modification  of  the  forces 
only  emphasizes  the  necessity  of  including  in  the  governor 
problem  all  the  forces  developed  by  the  pivotal  swing  of  the 
governing  mass. 

One  of  these  has  just  been  described  as  a  momentary  modifi- 
cation of  centrifugal  force  during  the  period  of  radial  motion. 
Another  and  a  very  important  force  that  appears  during  the 
period  of  radial  motion  is  that  due  to  the  very  great  change  of 
linear  velocity  that  necessarily  follows  a  change  in  the  raditis  of 
rotation,  either  with  or  without  a  change  in  the  rate  of  rotation, 
and  which  develops  an  accelerating  force  acting  on  a  tangent  to 
the  axis  of  rotation,  and  in  unison  with  whatever  tangential 
acceleration  force  may  have  been  developed  by  a  change  in  the 
rate  of  rotation. 

These  forces  were  recognized  to  some  extent  at  least  by  Mr. 
Armstrong  in  his  paper  presented  to  this  Society  at  its  Cincinnati 
meeting  in  May,  1890,  in  which  paper  he  suggested  locating  the 
pivot  as  shown  in  Fig.  98,  the  proposed  object  of  this  arrange- 
ment being  to  produce  the  effect  of  a  dash-pot  during  the  period 
of  motion. 

Referring  to  Fig.  98  it  will  be  seen  that  the  direction  of 
tangential  accelerating  force  is  not  on  a  line  passing  through 
the  pivot,  and  it  therefore  produces  a  turning  moment  about 
the  pivot,  and,  as  we  have  seen  on  the  preceding  pages,  other 
modifications  of  the  governing  forces  necessarily  follow. 

A  review  of  these  forces  may  be  made  as  follows : 

First.  In  view  of  the  direction  of  rotation  indicated,  any 
change  of  the  rate  of  rotation  will  develop  a  tangential  accel- 
erating force  in  opposition  to  the  change  of  centrifugal  force, 
and  therefore  in  opposition  to  the  desired  motion. 

Second.  To  simplify  the  investigation  we  will  only  consider 
the  effect  produced  by  an  increase  in  the  rate  of  rotation,  it  being 
understood  that  a  reverse  process  of  reasoning  applies  to  a  ofe- 
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crease  of  tlie  rate  of  rotation.  Assuming  now  that  the  aocama- 
lation  of  unbalanced  centrifugal  force  due  to  increase  of  rotation 
has  overcome  the  opposing  tangential  accelerating  force,  and 
an  outward  motion  of  the  centrif  ugaUy  acting  mass  begins,  the  . 
immediate  e£fect  of  such  motion  is  to  develop  a  great  increase 
of  opposing  tangential  accelerating  force,  not  only  because  of 
the  normal  increase  of  velocity  necessary  to  an  increasing  radius, 
but  because  the  path  of  the  weight  is  in  advance  of  the  radial 
line,  thereby  still  further  increasing  its  linear  acceleration.  It 
is  true  that  this  advancing  path  increases  the  centrifugal  force 
also,  and  to  that  extent  neutralisses  the  increased  opposing 
tangential  accelerating  force.  The  net  result  of  these  forces 
may  be  summarized  as  follows : 

Centrifugal  force  depends  entirely  on  the  rcUe  of  rotation, 
without  any  regard  to  the  rate  of  dumge  of  rotation.  Tangential 
accelerating  force  depends  entirely  on  the  rate  of  change  of  rotor- 
tion^  without  any  regard  to  the  rateofrotaiionj  and  becomes  zero 
whenever  rotation  becomes  constant  at  any  rate,  while  centrifu- 
gal force  is  never  zero  at  any  rate  of  rotation. 

Reviewing  then,  it  will  be  seen  that  the  arrangement  sug- 
gested by  Mr.  Armstrong  is  faulty,  because  the  desired  dash- 
pot  effect  is  obtained  by  a  location  of  the  pivot  which  is  unfavor- 
able to  prompt  motion  for  the  evident  reason  that  with  every 
change  of  rate  of  rotation  the  desired  motion  of  the  governing 
mass  i&r  opposed  by  its  tangential  accelerating  force. 

In  the  investigation  of  this  subject  by  Mr.  Armstrong  he 
describes  the  probable  effect  of  shifting  the  location  of  pivot 
with  relation  to  the  direction  of  rotation  as  shown  in  Fig.  99  ; 
and  his  description  of  the  violent  slamming  of  the  weights,  while 
true  imder  certain  conditions,  is  anything  but  true  under  other 
conditions ;  and  it  is  evident  that  in  Mr.  Armstrong's  in^estiga* 
tions  he  did  not  fully  recognize  all  the  forces  which  are  devel- 
oped in  a  governor. 

Referring  again  to  Fig.  99,  and  applying  the  reasoning  of  the 
preceding  pages,  we  find  that  with  an  increased  rate  of  rotation 
(^ntrifugal  force  is  supplemented  by  tangential  accelerating 
force  as  an  initial  moving  force.  It  is  true  also  that  when 
motion  begins  the  increasing  radius  of  rotation  develops  a 
strong  tangential  accelerating  force,  tending  to  throw  the 
moving  mass  violently  to  the  outer  position ;  but  the  path  of 
this  motion  being  behind  the  radial  line  the  actual  rate  of  rota- 
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Fig.  100. 
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tion  is  modified  by  the  motion  of  the  mass,  and  consequently 
its  centrifogal  force,  and  the  more  the  outward  path  of  the  gov- 
erning mass  falls  behind  the  radial  line  the  greater  will  be  the 
loss  of  centrifugal  force  by  a  given  rate  of  swing  of  the  mass, 
and  therefore  the  rate  of  swing  may  thus  be  limited  very  much 
as  it  is  limited  by  a  dash-pot 

Fig.  100  illustrates  a  location  of  pivot  which  insures  a  strong 
dash-pot  effect  on  the  swing  of  the  weight,  and  all  the  acceler- 
ating forces  act  in  harmony  with  centrifugal  force.  Comparing 
this  with  Fig.  99  it  is  evident  that  a  path  of  motion  falling 
slightly  back  of  the  radial  line  permits  too  rapid  a  swing  of 
the  weights,  but  when  diverging  rapidly  from  the  radial  line 
stability  is  obtained  by  holding  in  check  the  swing  of  the 
weight. 

This  condition  reminds  one  of  the  German's  idea  of  the  utility 
of  lager  beer,  which  he  expressed  by  saying,  that  "  Enough  beer 
is  no  good,  but  too  much  iajusi  righC 

From  the  foregoing  it  is  evident  that  tangential  accelerating 
force  is  a  desirable  governing  force  only  when  the  outward 
path  of  the  swinging  mass  falls  rapidly  back  from  the  radial 
line.  When  so  arranged,  however,  the  length  of  the  arm  on 
which  centrifugal  force  acts  to  produce  a  turning  moment  around 
the  pivot  is  rapidly  changed  by  the  swinging  of  the  mass,  and  as 
it  shortens  with  the  outward  motion  the  problem  of  initial  ten- 
sion of  the  springs  is  made  very  difficult,  and  in  fact  almost  im- 
practicable of  application.  It  is  very  questionable,  therefore, 
whether  tangential  accelerating  force  is  a  practical  force  in 
the  ordinary  forms  of  governor  construction,  and  particularly 
so  where  one  end  of  the  spring  is  fastened  to  a  stationary  part 
of  the  rotating  wheeL 

If  two  symmetrically  swinging  weights  are  used  and  their 
centres  of  gravity  are  connected  by  a  spring,  the  force  is  not 
transmitted  through  the  pivot,  but  being  carried  directly  by  the 
spring  no  centrifugal  arm  need  be  considered,  and  this  difficulty 
is  then  not  encountered. 

Leaving  now  for  the  present  the  consideration  of  tangential 
accelerating  force,  and  taking  up  the  investigation  of  angular 
accelerating  force,  we  do  not  find  any  confiicting  forces  that 
limit  its  usefulness.  It  may  therefore  be  advantageously  intro- 
duced into  the  governor  problem  to  any  extent  consistent  with 
constructional  limitations. 
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GENERAL   CONCLUSION. 

If  the  reasoning  of  the  foregoing  pages  is  correct,  the  follow- 
ing conclusions  mnst  be  accepted  : 

First  Centrifugal  force  is  the  most  important  goveming 
force,  because  it  is  indispensable. 

Second.  Angular  accelerating  force  is  next  in  importance, 
because  it  is  an  unqualified  help  as  an  actuating  force,  and  its 
practical  usefulness  is  limited  only  by  constructional  considera- 
tions. 

Third.  Tangential  accelerating  force  is  of  questionable  util- 
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ity,  because  of  the  disturbing  forces  that  it  is  almost  sure  to 
put  into  operation. 

Having  investigated  the  several  governing  forces  and  their 
relations  to  each  other,  the  question  of  their  practical  applica- 
tion naturally  follows.  The  advantages  of  developing  all  the 
forces  in  a  single  moving  piece  have  already  been  referred  to, 
and  probably  will  not  be  questioned.  Fig.  101  represents  a 
governor  wheel  in  which  is  pivoted  a  mass  JT,  so  as  to  be  acted 
upon  by  centrifugal  force  and  by  angular  accelerating  force, 
and  it  may  or  may  not  be  actuated  by  tangential  accelerating 
force  according  to  the  location  of  the  centre  of  gravity.  If 
the  centre  of  gravity  is  located  at  (7,  tangential  accelerating 
force  is  inoperative  to  produce  pivotal  motion. 

Angular  accelerating  force  is  a  prominent  force  because  of 
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the  distribution  of  the  mass  relatiyel j  to  its  centre  of  grayiiy, 
and  with  the  direction  of  rotation  indicated  it  supplements 
centrifugal  force  in  producing  rotation  about  the  pivot  It  is 
possible  also,  with  the  construction  shown  in  Fig.  101,  to  attach 
to  this  single  moving  part  the  stud  or  eccentric  which  actuates 
the  valve,  in  which  case  it  must  necessarily  be  located  between 
the  shaft  8  and  the  pivot  P,  as  at  E. 

A  centripetallj  acting  spring  attached  to  this  pivoted  mass 
completes  the  governor,  which  is  certainly  a  model  of  simplicity. 
Unfortunately,  however,  the  location  of  the  pivot  with  relation 
to  the  eccentric  stud  E  and  shaft  8  is  not  such  as  to  give  the 
most  desirable  steam  distribution,  although  it  accomplishes  the 
function  of  governing. 

Referring  to  Fig.  102,  let  the  larger  circle  represent  the  path  of 
the  eccentric  or  stud  when  cutting  off  at  three-quarter  stroke, 
and  let  the  smaller  circle  represent  the  path  when  cutting  off 
at  zero.  Let  the  line  AC  he  the  path  of  motion  which  results 
in  shifting  from  zero  cut-off  to  three-quarter  cut-off,  without 
any  lead.  Let  B  be  the  location  of  stud  necessary  to  the  de- 
sired amount  of  lead,  then  the  path  of  motion  will  be  from 
£to  A. 

With  the  pivot  at  P  the  path  from  B  to  A  will  be  the  arc  of 
a  circle  whose  centre  is  at  P,  and  it  is  the  effect  of  this  arc 
that  will  here  be  investigated. 

First  let  it  be  borne  in  mind  that  with  single-valve  automatic 
engines,  and  particularly  with  high  speed,  it  is  not  possible  to 
get  an  indicator  diagram  with  a  good  steam  line  without  a 
certain  amount  of  lead,  or  port  opening  when  the  crank  is  on 
the  centre.  In  Fig.  102  the  distance  from  Cto  B  represents  the 
lead.  It  must  also  be  borne  in  mind  that  zero  cut-off  cannot 
be  obtained  unless  the  line  BA  joins  the  smaller  circle  at  A. 
Therefore  the  point  B  is  fixed  by  the  necessities  of  the  case, 
and  also  the  point  A.  Between  the  points  the  line  may  be 
straight  or  may  curve  on  either  side  of  a  straight  line. 

In  Fig.  102,  because  of  the  location  of  the  pivot  P,  the  line 
BA  curves  toward  E,  but  in  Fig.  103,  because  of  the  change  of 
location  of  pivot  P,  the  line  BA  curves  away  from  E;  therefore 
in  Fig.  103  the  lead  at  the  points  of  cut-off  between  zero  and 
three-quarter  stroke  will  be  greater  than  that  in  Fig.  102.  Both 
these  diagrams  represent  an  example  taken  from  practice,  and 
both  examples  are  taken  from  a  valve  gear  with  4-inch  valve 
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tribution,  and  the  more  expensive  construction  of  Fig.  104  with 
its  better  steam  distribution.  This  comparison  has  been  made 
with  both  mechanisms  in  position  for  cutting  o£f  at  quarter 
stroke,  but  at  earlier  points  of  cut-off  the  difference  is  still 
more  noticeable. 


Fio.  104. 

In  view  of  the  fact  that  single-valve  automatic  cut-off  engines 
are  at  best  rather  faulty  because  of  the  wire-drawing  of  steam 
through  contracted  valve  openings  at  early  points  of  cut-off, 
any  arrangement  which  adds  30  per  cent,  to  the  opening  for 
steam  is  a  matter  of  too  great  importance  to  be  neglected,  even 
for  the  sake  of  considerable  saving  of  cost. 


DISCUSSION. 

Mr.  F,  A.  Halsey. — Mr.  Ball  having  gone  into  the  history  of 
inertia  governors  to  a  certain  extent,  it  seems  proper  to  call  atten- 
tion to  a  governor — the  Shive — which  is  unmistakably  of  that  type 
and  which  was  placed  on  the  market  as  early  as  or  earlier  than 
the  date  given  by  Mr.  Ball  as  belonging  to  the  patent  of  the  first 
inertia  governor.  This  governor  made  its  appearance  in  the  early 
70's,  was  still  in  frequent  use  in  Philadelphia  five  years  ago,  and 
probably  is  yet.  It  was  a  regular  article  of  manufacture  and  was 
apparently  made  in  considerable  numbers,  which  in  the  apportion- 
ment of  credit  places  it  far  above  any  mere  scheme  or  idea  which 
never  got  beyond  the  patent  office. 

This  governor  was  a  throttling  governor  intended  to  be  placed 
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in  the  steam  pipe  and  to  be  driven  by  a  belt  in  the  manner  usual 
with  such  governors.  The  illustrations  (Figs.  105  and  106)  will 
show  the  arrangement  of  the  balls.  In  side  view  there  is  no  de- 
parture from  the  usual  arrangement,  but  the  plan  will  show  that 
the  balls  are  hung  from  a  cross-piece  attached  to  the  spindle,  in 
consequence  of  which  their  planes  of  oscillation  do  not,  as  usual, 
pass  through  the  centre  of  the  spindle,  but  are  parallel  to  it.    A 

Fig.  105. 


Fig.  106. 

moment's  reflection  will  show  that  if  the  governor  turn  in  the 
direction  of  the  arrow,  a  true  inertia  action  will  be  developed,  the 
lagging  back  of  the  balls  in  case  the  speed  of  the  spindle  be  ac- 
celerated, acting  to  raise  the  balls  to  a  higher  plane  of  rotation, 
and  vice  versa  in  case  the  speed  of  the  spindle  be  retarded. 

Governors  have  been  a  plaything  among  inventors,  and  it 
might  be  fairly  objected  that  this  arrangement  of  the  balls  may 
have  been  a  mere  freak,  giving  no  proof  of  being  an  intelligent 
application  of  the  inertia  principle,  were  it  not  for  the  existence  of 
an  arrow  which  was  stamped  on  the  spindle  to  show  the  direction 
of  rotation.  It  will  be  observed  that  if  the  rotation  be  opposite 
to  the  arrow  in  the  figure,  the  action  of  the  inertia  force  will 
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geometrical  forms,  while  the  graphical  applies  to  any  given  sec- 
tion. Both  methods  assume  that  the  stress  varies  directly  as 
the  distance  from  the  neutral  axis  in  the  centre  of  gravity  of 
section,  that  the  material  is  homogeneous  in  texture,  and  that 
it  is  not  strained  beyond  the  elastic  limit. 

Assume,  as  in  Fig.  107,  a  beam'of  elliptical  cross  section,  and 
let  8  be  the  stress  in  extreme  fibre  in  pounds  per  square  inch. 

The  stress  at  distance  x  from  the  axis  will  be   -  ;  and  the  load 

a 

supported  by  an  element  will  be  •  dx<Iy.  The  total  force  on 
one  side  of  the  axis  oo'  will  be 

On  the  opposite  side  of  the  axis  in  this  and  other  symmetri- 
cal sections  there  is  an  equal  and  opposite  dF'  which  forms  a 
couple  with  dF.    The  moment  of  this  couple  will  be 

dR  =  dF'2x  =  ^^'x'dxdy, 

and 

B  =  ^-  (''  f"    afd^y  =  ^  ["  (a'  -  a^Yx'dx  =  I  naba\ 
a  Jo  j-y  a"  Jo 

The  distance  out  from  the  axis  at  which  the  resultant  force^ 
F,  is  located  is  given  by 

2F      2'^sba      16 

This  distance  from  the  neutral  axis  to  the  centre  of  stress  may 
be  designated  by  e  ;  hence  R  =  2Fc  =  Fc  -h  Fc  for  sections 
not  symmetrical  about  the  central  axis.  This  location  of  the 
centre  of  stress  is  at  least  of  mathematical  interest.  It  may 
also  be  of  practical  value,  for  the  values  of  /,  calculated  from 

R  =  '1    for  beams  broken  by  bending,  are,  as  a  rule,  much  larger 

than  the  values  obtained  from  rupture  by  direct  stress.  The 
formula  is  based  on  the  assumption  that  the  material  stretches 
in  proportion  to  distance  from  the  neutral  axis,  "which  is  not 
true  at  rupture  ;  but  if  c  is  used  in  the  formula  instead  of  n,  and 
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Sectioh. 
Fig.  108. 
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The  use  of  the  table  may  be  shown  by  a  very  simple  example. 

Assume  an  8  x  12  yellow-pine  beam,  16  feet  long,  supported  at 

each   end  and   loaded  in  the  middle  by  a  single  weight  of 

8,000  pounds.    Equating  the  bending  and  resisting  moments, 

we    have    at    once   ^wl  =  isbh\  and,  by    substituting    values, 

i  X  8,000  X  16  X  12  =  i  X  «  X  8  X  12  X  12,  from  which  8  =  2,000 

pounds,  the  stress  in  extreme  fibre.     I^  instead,  we  use  the 

si      8    bh^ 
formula  containing  /,  we  shall  have  "^  =  tt  '  To  =  i«6A"  =  ^wl, 

from  which  the  same  value  of  8  will  be  obtained.  But  by  using 
B  we  get  the  result  more  directly,  and  with  the  intellectual 
advantage  of  dealing  with  the  concrete  resisting  moment  instead 
of  the  conventional  moment  of  inertia. 

Before  presenting  the  graphical  method  proper  for  deter- 
mining from  any  given  section  of  beam  the  resisting  moment, 
it  seems  advantageous  to  review  a  few  leading  principles  in 
graphical  statics.  Let  Fig.  109  represent  a  beam  supported  at 
each  end  and  loaded  with  several  weights.  From  any  point  Q 
lay  oflf  on  a  vertical  line  to  any  convenient  scale  in  pounds  per 
inch  the  load-line  QL,  and  from  any  point  0  draw  the  lines 
OQf  OV^  OL,  etc.  Then  from  a  point  A  in  the  line  of  the 
reaction  R  draw  a  line  AB  parallel  to  0^.  From  the  point  of 
intersection  F  with  the  line  of  action  of  the  load  jt),  draw  FD 
parallel  to  0  F;  continue  thus  until  CZ  is  drawn  parallel  to  OZ. 
Then  draw  the  line  CA  and  0  W  parallel  to  it.  The  portion 
QW  oi  the  load-line  will  be  the  reaction  at  J?,  and  WZ  will  be 
the  reaction  at  ^i.  The  sum  of  B  and  B^  is  equal  to  the  total 
load. 

Now,  at  any  point  s  in  the  beam  there  is  a  moment,  M  = 
Pi(x  —  a)  —  Bx.  From  the  similar  triangles  Amr  and  OQWy 
mriB  =  x:H,  or  R'X  =  H-mr.  Also,  from  the  similar  trian- 
gles QYO  and  Fmn^  piiH^mnix  —  a^  or  Hmn^pi  {x  —  a). 
Then,  M  =  j>i  {x  —  a)  —  B'X  =  H-mn  —  H.mr  =  —  H-nr,  That 
is,  the  moment  at  «  is  equal  to  the  pole  distance  H^  to  the  scale  of 
the  beam  in  inches,  multiplied  by  the  force  nr,  to  the  scale 
of  the  load-line  in  pounds  per  inch.  A  like  statement  is  true 
for  any  other  section,  as  8\  Hence  the  ordinate  of  the  polygon 
AFQCTA  may  be  taken  as  the  force  which,  applied  at  the  pole 
distance  H^  will  produce  the  existing  moment  at  the  given  sec- 
tion ;  and  the  maximum  ordinate  locates  the  weakest  section  of 
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the  beam.     This  is  true,  too,  for  any  pole  distance,  since  the 
ordinates  yary  inversely  as  the  pole  distances 

The  point  Z,  at  which  AF  and  C«/ intersect,  is  a  point  on  the 
line  of  action  of  the  resultant  load  upon  the  beam,  or  the  centre 
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of  gravity  of  the  loads ;  for  the  ordinate  ZK  measures  the 
force  which,  applied  at  the  pole  distance,  would  produce  in  a 
section  s^  the  same  moment  that  reactions  B  and  Rx  do. 

To  show  the  practical  application  of  the  graphical  method  of 
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finding  the  resisting  moment  and  centres  of  stress  in  beams  of 
snch  form  of  section  that  analytical  methods  will  not  apply,  the 
section  of  the  standard  100-pound  steel  rail  as  rolled  by  the 
Carnegie  Steel  Company  has  been  chosen.  The  drawing.  Fig. 
109,  made  from  dimensions  on  lithograph  famished  by  that  com- 
pany, has  an  area  of  9.85  square  inches  as  measured  by  the 
planimeter.  If  steel  weighs  490  pounds  per  cubic  foot,  the 
area  should  be  9.8  square  inches.     This  area  is  divided  into 

small  portions,  whose  centres  of  gravity  are  at  1,  2,  3, 12, 

and  the  areas  of  these  portions  are  laid  off  on  AB^  Fig.  110,  to 
the  scale  of  one  square  inch  area  to  one  inch  length.  From  the 
point  0  draw  OA^  OP^  OB,  etc.,  and  then  construct  the  polygon 
cDKsA  directed  for  Fig.  109.  The  point  -K"  projected  on  the  rail 
section  at  G  will  be  the  centre  of  gravity  of  the  section ;  for,  if 
we  consider  a  thin  slice  of  the  rail  to  be  supported  on  a  knife- 
edge  through  Gy  the  separate  areas  will  become  weights  or 
forces  whose  moments  about  G  are  balanced.  The  area  of 
section  as  measured  by  ordinates  is  9.8  square  inches,  of  which 
466  are  above  the  centre  of  gravity  and  5.14  are  below. 

If  the  stress  in  a  beam  varies  directly  as  the  distance  from 
the  neutral  axis,  the  load,  dF^  supported  by  each  element  will  be 

— .  dAj  where  8  is  the  stress  in  extreme  fibre  distant  a  from 
a 

neutral  axis,  while  dA  is  the  sectional  area  of  element  distant  x 

from    neutral  axis.     And   its  moment  will  be  dB  =  dF-x  = 

8  8 

-  a?dA  =  dA'O^y  for  -  =  unity,  or  a  stress  of  one  pound  per  square 

inch  at  one-inch  distance  from  neutral  axis. 

Now,  in  Fig.  110,  the  triangle  OAP  is  similar  to  triangle  cKa, 
Hence  x :  Ka  =  H :  Al\  or  AP-x  =  Ka-Hy  where  H is  the  pole 
distance  and  altitude  of  the  triangle  OAP.  The  line  AP  rep- 
resents an  area  in  square  inches,  which,  multiplied  by  x,  becomes 
the  load  on  this  area  under  the  assumed  condition  of  unit  stress. 
Then  if  we  multiply  this  load,  or  total  stress,  on  the  elementary 
area  by  or,  we  shall  have  its  moment  about  the  neutral  axis  in 
inch-pounds.  Hence  AP*7?  =  IL  Kax  =  iU-ixKa  =  211  x 
area  of  triangle  caK  Again,  the  area  of  triangle  dba  x  2ff  is  the 
moment  of  another  force  about  the  neutral  axis.  And,  finally,  if 
A  represent  the  area  of  the  polygon  cKDgdCy  we  shall  have 
li  =  2HA  as  the  measure  in  inch-pounds  of  the  resisting 
moment  of  a  beam  of  the  given  section,  when  the  stress  at  unit 
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distance  from  neutral  aicis  is  unity.    For  a  safe  working  stress, 

8,  in  extreme  fibre  it  will  be  -  •  jB. 

Thus,  in  Fig.  110,  the  yalue  of  A  is  3.8  square  inches,  and  the 
pole  distance  H  is  5.75  inches.  Then  B  =  2HA  =  2  x  5.75 
X  3.8  =  43.7  inch-pounds.  Now,  suppose  the  driver  of  a  loco- 
motive supporting  90,000  pounds  on  its  four  drivers  stands  on 
the  100-pound  rail  midway  between  two  ties  two  feet  apart. 
Treating  the  rail  as  a  continuous  girder,  the  greatest  bending 
moment  will  be  under  the  driver,  and  measured  by  iwl  in  inch- 
pounds,  where  w  is  the  load  on  driver,  or  22,500  pounds,  and  / 
is  the  distance  between  centres  of  ties  in  inches.  Then,  equating 
the  bending  and  resisting  moments,  we  shall  have  for  the  upper 
part  of  the  rail  which  is  in  compression, 

iwl  =.  ~.jR  =  i  X  22,500  X  24  =  I  X  43-7, 

from  which  s  =  4,634  pounds.  Similarly  for  the  under  or  tensile 
side  of  rail,  8  =  4,248  pounds. 

The  centres  of  stress,  or  the  centres  of  gravity  of  the  tensile 
and  compressive  forces,  may  also  be  found  graphically.  On  a 
load-line,  JiBi,  in  Fig.  112,  lay  off  distances  in  pounds  per  inch 
— in  this  case  one  pound  per  inch — to  represent  stresses  in  the 
beam.  As  these  stresses  vary  with  the  distance  from  the  neu- 
tral axis  and  the  area  taken,  a  special  construction  is  necessary, 
which  is  shown  in  Fig.  113,  for  the  area  (4)  in  Fig.  114.  Lay  off 
Kf  equal  to  one  inch,  and  fe  at  right  angles  on  the  scale  in 
pounds  per  inch  selected  for  the  load-line  A^Bi.  Then  ni 
will  be  the  stress  per  square  inch  at  the  centre  of  area  (4\ 
Project  n  to  ni,  and  draw  Kin.  Lay  off  Ah  equal  to  area  (4)  in 
square  inches,  which  may  be  taken  from  the  load-line  AB  in. 
Fig.  110.  Then  the  ordinate  ho  will  be  the  total  stress  on  area 
(4).  Make  similar  constructions  for  all  the  areas  on  the  tension 
side,  and  lay  off  the  results  on  Ai  Bi.  Construct  the  polygon 
O^HT\  and  project  T^  to  Ty  the  point  through  which  passes  the 
resultant  tensile  stress.  In  Fig.  Ill  is  shown  the  corresponding 
construction  for  the  compression  side,  which  locates  the  centre 
of  compression  stresses  at  C, 

As  a  check  on  these  constructions  it  should  be  remembered 
that  the  resultant  tensile  and  compressive  stresses  are  theoreti- 
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distance  from  neutral  axis  is  unity.    For  a  safe  working  stress, 

8,  in  extreme  fibre  it  will  be  -  •  jB. 

a 

Thus,  in  Fig.  110,  the  yalue  of  A  is  3.8  square  inches,  and  the 
pole  distance  H  is  5.75  inches.  Then  B  =  2HA  =  2  x  5.76 
X  3.8  =  43.7  inch-pounds.  Now,  suppose  the  driver  of  a  loco- 
motive supporting  90,000  pounds  on  its  four  drivers  stands  on 
the  100-pound  rail  midway  between  two  ties  two  feet  apart. 
Treating  the  rail  as  a  continuous  girder,  the  greatest  bending 
moment  will  be  under  the  driver,  and  measured  by  iwl  in  inch- 
pounds,  where  w  is  the  load  on  driver,  or  22,600  pounds,  and  / 
is  the  distance  between  centres  of  ties  in  inches.  Then,  equating 
the  bending  and  resisting  moments,  we  shall  have  for  the  upper 
part  of  the  rail  which  is  in  compression, 

iid  =3  t.B  =  i  X  22,500  X  24  =  I  X  48.7, 

from  which  8  =  4,634  pounds.  Similarly  for  the  under  or  tensile 
side  of  rail,  8  =  4,248  pounds. 

The  centres  of  stress,  or  the  centres  of  gravity  of  the  tensile 
and  compressive  forces,  niay  also  be  found  graphically.  On  a 
load-line,  A^Bi,  in  Fig.  112,  lay  off  distances  in  pounds  per  inch 
— in  this  case  one  pound  per  inch — to  represent  stresses  in  the 
beam.  As  these  stresses  vary  with  the  distance  from  the  neu- 
tral axis  and  the  area  taken,  a  special  construction  is  necessary, 
which  is  shown  in  Fig.  113,  for  the  area  (4)  in  Fig.  114.  Lay  off 
Ay  equal  to  one  inch,  and  fe  at  right  angles  on  the  scale  in 
pounds  per  inch  selected  for  the  load-line  AiBi,  Then  m 
will  be  the  stress  per  square  inch  at  the  centre  of  area  (4\ 
Project  n  to  m,  and  draw  Kin.  Lay  off  Ah  equal  to  area  (4)  in 
square  inches,  which  maybe  taken  from  the  load-line  AB  in 
Fig.  110.  Then  the  ordinate  ho  will  be  the  total  stress  on  area 
(4).  Make  similar  constructions  for  all  the  areas  on  the  tension 
side,  and  lay  off  the  results  on  AiB^.  Construct  the  polygon 
O^HT^^  and  project  T^  to  T,  the  point  through  which  passes  the 
resultant  tensile  stress.  In  Fig.  Ill  is  shown  the  corresponding 
construction  for  the  compression  side,  which  locates  the  centre 
of  compression  stresses  at  (7. 

As  a  check  on  these  constructions  it  should  be  remembered 
that  the  resultant  tensile  and  compressive  stresses  are  theoreti- 
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cally  eqaal,  and  that  the  sum  of  their  moments  about  the 
neutral  axis  should  equal  the  resisting  moment.  Thus  the 
load-line  AiB^  measures  9.83  pounds,  and  A2B2  measures  9.82 
pounds.  The  moment  of  resultant  tension  is  9.83  x  2.29  =22 .51 
inch-pounds,  and  of  resultant  compression  is  9.82  x  2.18  =  21.41 
inch-pounds.  The  sum  is  43.92,  against  43.7,  found  by  Fig.  110. 
In  practice  it  would  not  be  necessary  to  find  the  centres  Cand  T, 
if  only  the  resisting  moment  was  wanted.  But  it  might  be 
desirable  to  know,  for  instance,  that  in  an  I-beam  the  centres  of 
stress  were  well  within  the  flanges.  If  they  were  not,  buckling 
might  occur  much  sooner  under  increasing  load. 

In  the  construction  for  the  resisting  moment  the  rail  section 
was  drawn  full  size.  And  the  elementary  resisting  moment  was 
dR  =  dA-Qi?.  If  it  is  drawn  to  scale,  so  that  r  is  the  ratio  of 
full  depth  of  beam  to  the  depth  as  drawn,  then  dA  must  be 
multiplied  by  r^  to  equal  the  actual  area  of  element ;  and  since 
X  is  always  measured  to  the  scale  of  section,  as  drawn,  we  must 

multiply  X*  by  r*.     Hence,  if  5  =  \dA  •  7?  for  the  full-size  section, 

we  shall  have  for  the  section,  drawn  to  scale, 

R  =  [r^dA .  i^'x^  =  Ad  A  •  a?  =  ir^HA, 

In  regard  to  the  accuracy  of  these  graphical  processes,  the  rail 
section,  as  measured  by  the  pUnimeter,  was  9.85  square  inches, 
and  by  ordinates  9.8  square  inches.  The  difference  is  0.5  of  one 
per  cent,  of  the  area  by  planimeter.  The  difference  between 
resultant  tensile  and  compressive  stresses  is  0.1  of  one  per  cent. 
of  either.  The  difference  between  the  resisting  moment  and  the 
sum  of  tensile  and  compressive  moments  is  0.5  of  one  per  cent, 
of  the*  resisting  moment.  These  quantities  were  measured  on  the 
original  drawing  while  in  pencil.  It  is  believed  that  the  errors 
of  these  processes  are  less  than  the  differences  between  the 
usual  assumptions  and  the  behavior  of  beams  under  load. 

DISCUSSION. 

Mr,  Albert  F,  IlalL — I  should  like  to  discuss  this  paper  further 
than  I  find  possible  at  this  time,  and  give  a  very  neat  graphical 
method  for  the  moment  of  inertia.    I  do  not  think  the  form  given 
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for  F  is  as  it  should  be.     A  neater  an^  clearer  form  seems  to  me 
as  follows  (Fig.  115) : 

Let  8      —  stress    in   extreme  fibre,      y  =  - 
{a'  -  a^y- 
s,    =  «•-  =  stress  at  distance  x, 

dF=  8^2y<h:  =  «?.2-  (rr*  -  3?)idx. 
=  -^/    3(«'-x*)(«'-^)'- 


Fig.  115. 


The  equal  force  on  the  other  half  forms  a  couple  the  moment 
of  which  is : 

(IR  =  ^xdF  =  2aj  X  ^~{a^  -  ar)^dx. 


sm. 


a 


=  ~ir  ^ 


sha^TT 


.sm.-Ml)=*-^'*xf. 


The  distance  of  the  resultant  force  from  the  axis  will  be: 
li       ftba^TT      4sba       3  ^  ^  , 


Pi'of,  Thomas  Gray, — I  think  it  would  have  been  better  had 
the  author  omitted  the  reference  to  the  moment  of  inertia,  as 
defined  by  Iluvghens  and  Euler  in  this  paper.  I  do  not  see  that 
the  use  of  the  moment  of  inertia  in  this,  its  proper  sense,  has  any 
reference  at  all  to  the  subject.     We  have  a  little  difficulty  of 
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course  with  the  ordinary  use  of  the  term  :  "  Moment  of  inertia  of 
cross-section."  Xo  very  great  inconvenience  is  usually  experienced 
in  regard  to  that,  but  undoubtedly  it  is  rather  a  misnomer..  The 
quantity  there  referred  to  being  the  second  moment  of  the  sec- 
tional area,  had  better  be  given  some  other  name  perhaps.  But 
really  we  have  no  quarrel  with  the  moment  of  inertia  proper  at 
all.  I  may  say  for  myself  that  I  prefer  Unwin's  term,  "  section 
modulus"  for  the  quantity.     That  really  fills  the  whole  bill. 

There  is  one  other  point  in  the  paper  which  is  of  some  interest, 
and  that  is  the  calculations  in  which  the  distance  between  the 
centres  of  stress,  instead  of  the  distance  from  the  neutral  axis  to 
the  outside  layer,  is  used  as  showing  a  nearer  approach  to  the 
tensile  strength.  That,  however,  will  not,  I  think,  be  found 
uniformly  to  apply. 

There  are  some  interesting  diflBculties  with  regard  to  the  prop- 
erties of  materials ;  one  is  the  difference  between  compression  and 
tensile  strength,  and  the  fact  that  in  certain  classes  of  materials 
we  have  not  got  a  constant  modulus  to  deal  with,  which  makes 
some  difficulty  in  applying  formulas  of  that  kind.  Take  cast-iron, 
for  instance — the  moduli  of  elasticity  for  tension  and  for  com- 
pression begin  at  about  the  equality  for  very  light  loads,  but  for 
heavy  loads  they  do  not  nearly  agree,  and  we  have  the  neutral 
axis  travelling  across  the  section.  I  think  that  we  should  find 
the  rule  suggested  to  be  nearly  as  bad  as  the  one  which  we  have 
been  in  the  habit  of  using. 

Mr.  A,  J/.  Greene. — I  would  like  to  ask  how  the  differences  arise 
in  the  use  of  these  two  formulas.  They  are  both  derived  from 
the  same  supposition,  I  believe,  and  I  cannot  myself  see  how  we 
can  get  two  different  results  starting  from  the  same  point.  I 
think  they  are  both  worked  out  in  the  same  manner  when  we 
come  to  examine  the  theory,  and  I  cannot  quite  understand  why 
the  results  should  be  so  different.  I  also  do  not  see  the  advan- 
tage of  this  formula  over  the  ordinary  formula  in  which  the  modu- 
lus of  rupture  is  used. 

Mr:  Gray. — The  numbers,  so  far  as  I  understand  the  paper — 
I  read  it  hurriedly — are  in  a  sense  simple  multiples  of  each  other. 
Of  course  there  is  one  element  comes  in,  namely,  the  fact  that  the 
stress,  at  the  breaking  point,  is  not  proportional  to  the  distance 
from  the  neutral  axis,  and  therefore  that  we  cannot  assume  a 
triangular  diagram  of  stress  in  our  calculations.  When,  however, 
the  calculation  is  made  on  the  assumption  that  the  stress  is  pro- 
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portional  to  the  distance  from  the  neutral  axis,  and  the  number 
reduced  in  the  ratio  of  the  distance  between  the  centres  of  stress  to 
the  whole  depth  of  the  beam,  the  results,  for  the  examples  taken, 
more  nearly  agree  with  the  results  of  direct  tension  or  compression. 

The  modulus  of  rupture  from  bending,  as  commonly  tabulated, 
is  really  quite  a  distinct  thing  from  either  the  tensile  or  compres- 
sional  strength,  and  I  think  it  is  probably  well  to  leave  it  so. 

Prof,  C.  F.  Kerr* — Mr.  Albert  F.  Hall's  graphical  method 
for  the  moment  of  inertia  is  helpful  and  suggestive.  Analytical 
methods  apply  to  a  large  number  of  simple  gepmetrical  sections, 
but  graphical  methods  apply  to  these  also,  and  to  that  multitude 
of  irregular  sections  to  which  analysis  can  be  applied  not  at  all 
or  with  great  labor.  Hence  the  more  graphical  methods  we  have 
at  command  the  better. 

The  difficulties  which  beset  Mr.  Greene  will  probably  disappear 
if  he  will  read  the  present  paper  on  "  The  Moment  of  Resistance  " 
in  connection  with  a  former  paper  on  "  The  Moment  of  Inertia," 
pp.  477-503,  vol.  xvi..  Transactions  A.  S.  M.  E.  The  conditions 
are  similar  to  those  which  call  for  a  separate  treatment  of  Statics 
and  Dynamics. 

I  quite  agree  with  Professor  Gray  that  we  have  no  quarrel  with 
the  moment  of  inertia  proper.  It  is  rather  in  its  behalf  that  a 
quarrel  has  been  made.  One  of  our  highest  authorities  on  the 
mechanics  of  engineering  calls  the  moment  of  inertia,  /,  of  a  rail 
section  when  reduced  to  figures,  "  bi-quadratio  inches."  He  uses 
this  term  in  consequence  of  multiplying  one  area  in  square  inches 
by  another.  But  it  has  no  rational  meaning.  Neither  does  the 
term  "  inches  to  the  fourth  power,"  used  by  another  author  equally 
eminent.  I  have  shown  (pp.  482-483,  vol.  xvi.,  Transactimis 
A.  S.  M.  E.)  that  the  moment  of  inertia  of  a  body  revolving 
about  an  axis  may  be  measured  by  a  force  in  pounds  at  one  foot 
from  the  given  axis ;  and  further,  that  the  kinetic  energy  of  the 
body  is  measured  in  foot-pounds  by  the  product  of  the  force  into 
one-half  the  angular  velocity  of  the  body,  since  that  is  the  dis- 
tance in  feet  along  the  unit  arc  passed  over  by  a  point  while  the 
body  is  brought  to  rest  in  one  second,  or,  E^  \wL 

It  is  somewhat  encouraging  to  see  the  tendency  to  use  the 
"  modulus  of  section  "  of  Unwin  and  Reuleaux  ;  for  that  is  simply 
the  "  moment  of  resistance  "  of  the  present  paper,  with  the  factor 


*  Autbor*s  closure,  ander  the  Rales. 
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summary  of  paragraphs. 

1.  Introduction. 

2.  Limitation  of  paper  to  discussion  of  efficiency  of  heating 
surface  only ;  efficiency  of  combustion  to  be  assumed  constant. 

3.  Rankine's  formula. 

4.  B.  F.  Isherwood*s  averi^es  and  generalizations.  * 

5.  D.  K.  Clark's  formula. 

6.  C.  E.  Emery's  formula. 

7.  R.  C.  Carpenter's  formula. 

8.  Formula  calculated  on  assumption  that  transfer  of  heat  is 
directly  proportional  to  the  difference  of  temperature. 

9.  If  we  choose  the  constants  correctly,  Rankine's  formula 
appears  to  coincide  with  the  formute  of  paragraphs  4,  5,  6,  and  7 
within  the  limit  of  error  of  most  experiments. 

10.  11.  Show  what  the  constants  in  Rankine's  formulae  depend 
on,  assuming  that  his  laws  of  heat  transfer  are  correct. 

12.  Even  if  the  laws  are  not  theoretically  exact,  they  may  give 
practically  useful  results. 

13.  The  importance  of  the  air  supply,  as  shown  by  the  formuLi. 

14.  Increased  air  supply  increases  the  flue  temperature,  if  the 
rate  of  combustion  be  kept  constant.  Shown  by  the  formulsB  and 
also  by  Bumat's  experiments. 

15.  The  causes*  of  a  change  in  the  air  supply  per  pound  of  fuel 
are  beyond  the  scope  of  the  paper. 

16.  A  change  in  the  thermal  resistance  of  the  heating  surface 
has  the  same  effect  as  an  equal  change  in  its  area. 

♦Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
TranBOctioru. 
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17.  Considers  the  effect  on  the  economy  of  the  temperature  at 
which  the  steam  is  generated. 

18.  The  bearing  of  paragraph  17  on  the  question  of  econo- 
mizers. 

19.  The  effect  of  radiation  on  the  formulse  and  on  the  curves 
(Fig.  124).      • 

20.  Comparing  paragraph  19  with  paragraphs  3  to  9  inclusive 
shows  that  radiation  in  the  experiments  of  paragraphs  3  to  9  was 
ahnost  certainly  less  than  two  per  cent,  at  ordinary  rates  of  work- 
ing, and  that  to-day  it  is  probably  less  than  five  per  cent  at  ordi- 
nary rates  of  working.  (Ordinary  rate  taken  at  11^  square  feet 
of  heating  surface  per  boiler  horse-power.) 

21.  The  formula  of  paragraph  17  simplified,  and  a  few  con- 
stants given  for  modem  practice.  ' 

22.  In  comparing  a  small  number  of  tests  this  formula  may  not 
agree  exactly  with  the  results,  because  the  efficiency  of  combus- 
tion, etc.,  etc.,  may  be  different  in  different  tests.  It  should,  how- 
ever, agree  with  the  averages  if  the  number  of  tests  is  sufficient 
to  get  rid  of  accidental  variations. 

23.  It  is  presented  on  the  ground  that  it  is  probably  better 
than  any  other,  and  therefore  may  be  practically  useful. 

24.  Mr.  G.  H.  Barrus'  anthracite  coal  experiments  and  an 
average  curve. 

25.  Professor  Kennedy's  Thomeycroft  boiler  experiments. 

EFFICIENCY  OF  BOILER  HEATING   SURFACES. 

1.  The  work  of  the  following  paper  was  done  for  the  Steam 
Users'  Association  of  Boston,  organized  by  Mr.  Edward  AtkinsoD, 
of  which  Mr.  George  Atkinson  is  secretary. 

With  their  permission  I  take  pleasure  in  offering  it  to  the 
Society. 

2.  The  paper  is  intentionally  limited  to  the  question  of  efficiency 
of  heating  surface,  which  will  be  defined  as  the  ratio  between  the 
heat  passed  through  the  heating  surface  into  the  steam  or  water 
and  the  sensible  heat  generated  in  the  furnace.  If  there  are  any 
differences  of  efficiency  due  to  different  rates  of  combustion  per 
square  foot  of  grate,  or  losses  due  to  incomplete  combustion,  they 
are  excluded  from  present  consideration. 

In  order  to  fix  our  ideas,  it  will  therefore  be  assumed  that  the 
rate   of  combustion  per  square  foot  of  grate  is  kept  constant, 
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the  area  of  the  heating  surface  being  changed  as  reqnired,  and 
the  heat  value  of  the  coal  is  defined  to  be,  for  the  purposes  of  this 
paper  only,  the  amount  of  heat  rendered  sensible  when  burning 
at  the  assumed  constant  rate  of  combustion. 

REVIEW  OF  PREVIOUS  WORK. 

3.  Bankine^  discusses  the  efficiency  of  the  heating  surface,  and 
develops  a  formula  based  on  the  assumption  that  the  transfer  of 
heat  through  any  small  part  of  the  heating  surface  is  equal  to  a 
constant  multiplied  by  the  square  of  the  difference  of  temperatures 
on  either  side  of  the  heating  surface. 

His  formula  is  of  the  form 

Ea  ^aS'      S  ,^^ 

^     ^^S-AF^l-  AF/8 ^^^ 

in  which 

Ea  =  the  actual  evaporation  per  pound  of  fuel 

E'p  =  the  theoretically  possible  evaporation  per  pound  of  fueL 

S    =  the  total  heating  surface  in  square  feet 

F    =  the  total  fuel  in  pounds  per  hour. 

A  and  B  are  coiistants. 

He  gives  as  the  values  of  the  constants : 

A     =  i  f or  ordinary  chimney  draft  and  ^  for  forced  draft. 

B     =  1  if  economizers  are  provided. 

B  =  fj^  if  economizers  are  not  provided  and  the  draft  is 
ordinary. 

jS  =  ^  if  economizers  are  not  provided  and  the  draft  is  forced. 

It  will  be  a  little  more  convenient  to  change  the  formula  so  as 
to  have  the  evaporation  per  square  foot  of  heating  surface,  and 
not  the  coal  per  square  foot  of  heating  surface,  as  the  second 
variable. 

Call  the  total  evaporation  per  hour  =  W ;  then, 

J^^a  =  Tr,and7?'=  J^; 


Ea 

B 

BEa 

Ep  ' 

W     ~ 

£a  +  A 

w 

*  Steam  Engine, 

p.  284. 
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w 

Ea  =  BEp  -  ^  -J; 

W 
^hich  is  a  straight  line  if  Ea  and  -^  are  the  yariables.     .     .     (2) 

Then  taking  Ep  =  14J  and  A  and  B  as  given  by  Bankine,  we 
find  we  can  plot  the  four  lines  of  Fig.  116  as  the  curves  of  four 
di£ferent  classes  of  boilers. 
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4.  B.  F.  Isherwood  ^  discusses  numerous  tests,  and  finally  con- 
cludes that  the  factors  controlling  the  efficiency  are  the  relations 
between  the  coal  burned  per  hour,  the  grate  area,  the  heating 
surface,  and  the  area  for  smoke  through  the  tubes.  On  p.  Ixxxviii, 
Isherwood  gives  tables  of  probable  average  performance  of  two 
boilers  with  a  given  rate  of  combustion  per  square  foot  of  grate 
iind  a  given  relation  between  the  grate  and  tube  area,  but  with 


•  Besearclus  in  Steam  Engineering,  vol.  il.,  p.  xxiii,  et  seq. 
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yaiying  amounts  of  heating  surface.  These  tables  have  been 
reduced  to  the  same  variables  us^d  in  Fig.  117  and  formula  (2), 
and  the  resulting  curves  are  presented  in  Fig.  116.  Isherwood 
does  not  present  any  formula. 

6.  D.  K.  Clark*  deduces  the  following  formula  from  a  large 
number  of  experiments : 

in  which  W  =  water  per  square  foot  of  grate, 
c    =  coal  per  square  foot  of  grate. 
r    =  ratio  of  heating  to  grate  surface. 
a  and  B  are  constanta 
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The  formula  obviously  does  not  hold  outside  of  the  limits  of  the 
experiments,  since  the  evaporation  per  pound  of  coal  could  never 
fall  below  B^  however  much  coal  was  burned,  while  no  matter  how 
little  coal  was  burned  the  boiler  could  never  evaporate  less  than 
ar*  pounds  of  water  for  each  foot  of  grate.  However,  the  resulting 
curves  for  various  classes  of  boilers  have  been  plotted  in  Figs.  118 
and  119,  using  the  values  of  a  and  B  given  in  Kent's  Handbook, 
p.  681,  and  taking  the  variables  as  the  evaporation  per  pound  of 


*  Steam  Engine,  vol.  I.,  p.  310. 
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coal  and  the  evaporation  per  sqaare  foot  of  heating  surface  per 
hour,  as  before. 
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6.  C.  E.  Emery*  gives  a  formula  of  the  form, 


Ea 


'C  +  A\ 


K, 


(6) 


in  which  Ea  =  actual  evaporation  per  pound  combustible. 

C  =  pounds  combustible   per  square  foot  of  heating 

surface  per  hour. 

^1,  K^,  and  JTg  are  constants. 

If  we  take  pounds  water  per  hour  per  square  foot  of  heating 

W 
surface  =  -^,  then, 


and  we  may  write : 


Kilh  ^ 

-g  +  K^Ea 


*  General  Report  Group  XX.,  Philadelphia  Exhibition,  1876,  and  ahm  Trant- 
aetion*  A.  S.  M.  E.,  vol.  xvii.,  p.  369. 
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or,  simplifying, 
W 


M^  +  £,  {Eaf  =  K,Ea  +  ^K,  +  K^K,Ea; 


and,  finally, 


Ea 


-  K,-^^'-^,^V-  £a)  '    '    '    *    ^^^ 
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And,  except  for  the  terms  contaming  K^,  the  form  is  the  same  as 
Bankine's  formtda  (2).  These  terms  are  not  very  important,  as 
will  be  seen  on  plotting  the  curves.  Fig.  120,  using  for  constants 
the  two  sets  given  bj  Emery,  Transactiona  A.  S.  M.  E.,  voL  xvii., 
p.  269. 

If  the  two  corves  be  extended  to  very  high  rates  of  evapora* 
tioii  they  will  finally  meet,  bat  will  retain  their  general  fomu 
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7.  B.  0.  Carpenter^  takes  a  set  of  experiments  reported  in 
Weisbach's  Mechanics^  and  deduces  a  formula : 

r=^-^V^ (8) 

in  which  r=  actual  evaporation  per  pound  combustible. 

X  =  pounds  combustible   per  square   foot   of  heating 

surface  per  hour. 
A  and  B  are  constants,  B  depending  on  the  coal,  A  on 
the  boiler. 

*  Transaction9  A.  S.  M.  E.,  Vol.  XVII..  p.  276. 
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This  formnla  has  this  misfortune,  in  common  with  Clark's 
formula,  that  it  gives  impossible  results  in  certain  oases-^'.6.,  if 
A'^x  >  B.  Nevertheless,  at  ordinary  rates  of  evaporation  it 
does  not  depart  widely  from  some  of  the  others,  as  is  seen  on 
plotting  its  results  with  the  same  variables  as  before  (Fig.  121).. 

8.  Inasmuch  as  even  lately  calculations  have  been  made  by 
engineers  on  the  assumption  that  the  flow  of  heat  through  the 
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heating  surface  varies  directly  as  the  difference  of  temperature 
between  the  two  sides  of  the  heating  surface,  we  will  proceed  to 
find  the  formula  for  the  efficiency,  if  this  assumption  be  true. 
Let  8  =•  total  heating  surface. 
Let    t  =  temperature  of  water  on  one  side  of  the  heating  surface 

(constant)  above  the  temperature  of  the  air. 
Let  T  =  temperature  of  gas  on  the  other  side  of  the  heating  sur- 
face above  the  temperature  of  the  air.     T\  and  T^  are 
the  initial  theoretical  and  the  final  values  of  T. 
c  =  specific  heat  of  the  gas. 
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w  =  weight  of  gas  per  hour. 
F=  fuel  per  hour. 
/=  pounds  gas  per  pound  faeL 
W'=  total  pounds  water  per  hour. 

h  =  units  of  heat  per  square  foot  for  each  degree  dijSerenoe 
of  temperature. 
Ea  =  actual  evaporation,  £p  =  possible  eYaporation^  per  pound 

fuel 
Then,  for  anj  element  of  surface, 

{T''t)b'  ds  =  ctodT (9) 

Transpose  and  integrate, 

^-""^t^t ^^^> 

iog->*?  =  ?Lii« (11) 

'^    cw     Tt  —  t  ^    ' 

But  the  efficiency  is 

Ep  T,  T,-t  T,      '    '     '    ^^^' 

bs       T  ^        ^ 
Call  log'^  —  =  X  for  convenience  in  writing ; (13) 

(II)  becomes 

T^-t=LT,-Lt       (14) 

Add  —  ZTi  to-each  side  : 

T,--LT,^t^LT^--LT^^Li      .    .    .    (15) 
Simplify : 

ri(i-Z)-<=-z(7;-r,)-z<;.  .  •  (i6) 

simplify  further: 

Tr{L-l)-t  {£-!)=+  Z  {T,-T,);    .    .    (17) 
and,  finally, 

T,-t  L    ' ^^^^ 

and,  from  (12)  and  (18), 

t^^L-\     T,-t^/T,-  <\  log-'  hS/cw  -  1  ,- 

Ep         L     '      T,        \     T,    )     lo^nS/cw     '    '    ^^' 

But  w  =Ff,  and  JF  =  FEx. 
23 
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Eg  _  /Ti  -  t\  log-'  hSEa/cfW^t  _  T^-t  / 
Ep~\    Ti  )   log-' bSMi/cfW         r.     \ 


log-'  bs/EaJ 
(20) 
And  then  choosing  constants  h,  o,  f,  Ti,  t,  and  J?p,  so  that  when 

W 


S 


=  oIk  =  U, 


so  that  it  coincides  with  a  Bankine  curve  (shown  dotted)  at  two 
points,  we  may  plot  the  curve  of  Fig.  122. 


u 

' 

- 

"*'' 

~" 

*** 

•*^ 

|18 
|l2 

.», 

"i 

[^ 

k», 

'"* 

-., 

<> 

k 

«.. 

K 

^ 

V 

s, 

J  11 

■*. 

\ 

*-. 

S 

I- 

»^ 

\ 

s 

>. 

s, 

^ 

V 

*" 

., 

s 

\ 

V     fi 

'^ 

■' 

'-. 

\ 

\ 

4 

^ 

W  7 

Transfer  of  Heat  Assumed 
Proportional  to  Temperature 

\ 

., 

V 

\ 

*. 

\. 

^» 

^  - 

\, 

N 

k 

^ 

£  ^ 

8 

2 

01        2        84         5        6        7         8        910       11       12       18       14       15       16       17 
Pounds  ETaporatlon  per  Square  Foot  Heating  Surface  per  Hour 
Fio.  1 22. 

9.  Now,  if  such  of  the  above  formulse  and  curves  as  have  been 
deduced  from  actual  experiments  are  placed  side  by  side  it  will  be 
seen  that  a  formula  similar  to  that  of  Bankine  will  fit  them  as 
well  as  any.  To  illustrate  this,  some  half  a  dozen  or  more  of  the 
curves  have  been  drawn  together  in  Fig.  123,  and  the  actual  tests 
from  which  one  of  the  curves  was  deduced  have  been  shown  by 
circles. 

It  is  apparent  that  a  straight  line  (Bankine's  form)  is  as  good 
as  any,  and  it  will  be  adopted  for  the  following  reasons : 
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(1)  It  fits  the  experiments  as  weU  as  any. 

(2)  It  does  not  give  impossible  restdts  beyond  the  limits  of  the 
experiments. 

(3)  It  is  simple  in  form. 

(4)  It  is  foimded  on  rational  though  possibly  mistaken  assump- 
tions. 

10.  It  will  now  be  of  advantage  to  follow  Bankine  through  the 
operations  by  which  he  deduces  the  formula. 
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Let  US  use  the  same  letters  as  in  paragraph  8,  except  that  the 
flow  of  heat  through  each  square  foot  of  surface  is 

{T-€f 


a 


-,  a  being  a  constant. 


We  have,  as  before, 

^?l:zl  ds=cwdT (21) 

Transpose  and  integrate, 

r.-T.       Ea 


But, 


r.    -  Ep 


(23) 
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Ea  ^  /Ti  -  i\  log-'  hSEa/cfW^i  ^  T^-t  /   _  1         \ 

Ep      \    Ti  J    log-»  hSEa/cfW  T,     \       log-»  be/Ea) 

(20) 
And  then  choosing  constants  &,  Oy  /*,  T^  t,  and  J^p,  so  that  when 

W 

so  that  it  coincides  with  a  Bankine  curve  (shown  dotted)  at  two 
points,  we  may  plot  the  curve  of  Fig.  122. 
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9.  Now,  if  such  of  the  above  formulae  and  curves  as  have  been 
deduced  from  actual  experiments  are  placed  side  by  side  it  will  be 
seen  that  a  formula  similar  to  that  of  Bankine  will  fit  them  as 
well  as  any.  To  illustrate  this,  some  half  a  dozen  or  more  of  the 
curves  have  been  drawn  together  in  Fig.  123,  and  the  actual  tests 
from  which  one  of  the  curves  was  deduced  have  been  shown  by 
circles. 

It  is  apparent  that  a  straight  line  (Bankine's  form)  is  as  good 
as  any,  and  it  will  be  adopted  for  the  following  reasons : 
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(1)  It  fits  the  experiments  as  weU  as  any. 

(2)  It  does  not  give  impossible  restdts  beyond  the  limits  of  the 
experiments. 

(3)  It  is  simple  in  form. 

(4)  It  is  founded  on  rational  though  possibly  mistaken  assump- 
tions. 

10.  It  will  now  be  of  advantage  to  follow  Bankine  through  the 
operations  by  which  he  deduces  the  formula. 
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Let  us  use  the  same  letters  as  in  paragraph  8,  except  that  the 
flow  of  heat  through  each  square  foot  of  surface  is 

(T-ty 


a 


-,  a  being  a  constant. 


We  have,  as  before. 


^T^zUds^cwdT (21) 


Transpose  and  integrate, 

S 


But, 


acu>-(r.-J~(l7^r7;-(7'.-<)    {Xl-t)     •     ^^^ 


T,-T,_  Ea 

T,     -  Ep 


(23) 
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T,Ep  -  T,Ep  =  T,Ea (24) 

Substitute  (23)  and  (25)  in  (22): 

S     _  Ea  _T, 1 ,26) 

a<yw  ~  Ep{T,  -t){T,]jL-  Ea/Ep\-  t)  '    '    '  ^^°' 

wca       Ep.{T,  -t).  (r.  -  r.  Ea/J^  -  t) 
S    ~  EaT, 

_Ep{T,-ty-T,Ea{T,-t) 
EdT, •    ^^^> 

Ea_   {T^-tf/T,  . 

Ep      (^_,)^W 

which  may  be  written, 

^  _  {T,-t)T,        _  {T,-t)T: 

Ep~  1  +  aew/S{T,  -  t)  ~  1  +  ac/E/iT,  -  t)  8  '    ^    •' 

And  this  is  Bankine's  formnla  (1)  if 

^  =  ^ (31) 

and 

^  =  37^, « 

11.  Ti  depends  on  the  heat  in  the  coaL     Call  ^the  heat  units 
per  pound  of  coal  burned  ;  then, 

T,fc=.K (33) 

and  (31)  becomes 

E  -i 

^  =  -^-  =  — ^-     .    •     .   (34) 

/c 
and  (32)  becomes 

^=^^ w 

12.  It  is  known  that  laws  of  the  transfer  of  heat  through  the 
heating  surface  are  not  as  simple  as  they  appear  in  Bankine*s 
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formula,  or  in  paragraph  8 ;  nevertheless,  it  is  probable  that  in 
commercial  boilers  the  true  bnt  very  complicated  laws  coincide 
closely  enough  with  the  simpler  assumption  to  allow  us  to  draw 
conclusions  from  the  latter  with  some  degree  of  confidence. 
13.  We  may  now  notice  that  the  pounds  of  gas  per  poimd  fuel 
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will  affect  formulae  (30)  and  (1)  four  times,  since  it  appears  once 
in  B  and  three  times  in  A,  and  each  of  these  four  times  in  such  a 
way  as  to  reduce  the  efficiency  of  the  heating  surface  whenever 
the  air  supply  increases.  This  furnishes  at  once  a  simple  and 
probable  explanation  of  the  variation  of  particular  tests  from  the 
result  indicated  by  the  formula.     It  is  obviously  not  sufficient  to 
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know  the  oomparative  rate  of  combustion  or  evaporation  in  two 
tests  if  the  results  are  affected  four  times  as  much  by  the  air  sup- 
ply as  by  the  rate  of  combustion  or  evaporation.  Of  course,  if  we 
take  a  large  number  of  tests,  variations  of  air  supply  should 
finally  cancel  out,  and  the  averages  should  agree. 

14.  The  importance  of  the  air  supply  may  be  a  little  better 
appreciated  if  we  notice  in  equations  (10)  and  (22)  that  for  any 
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ordinary  case  an  increase  in  the  air  supply  causes  an  increase  in 
the  final  temperature  of  the  fine  gases,  so  that  not  only  are  there 
more  pounds  of  gas  to  carry  off  the  heat,  but  there  is  more 
heat  in  each  pound  of  the  gas  carried  away.  This  is  not  so  much 
of  a  paradox  when  we  remember  that  though  an  increase  in  the 
air  supply  lowers  the  initial  temperature,  T^  yet  this  very  lower- 
ing of  the  temperature  diminishes  the  transfer  of  heat  from  the 
gas  through  the  heating  surface,  while  the  lessened  time  that  each 
pound  of  gas  remains  in  contact  with  the  heating  surface  still 
further  diminishes  its  loss  of  heat,  and  increases  its  final  tempera- 
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ture.    This  fact  was 

noted  in  1868 

by 

Emile  Bornat 

*    His  e: 

periments 

showed : 

Cubic  feet  air  per 

Temperature  of  waste 

Day. 

poand  fuel. 

gases. 

Isl 

N  272 

624 

2d 

198 

601 

8d 

168 

550 

4th 

124 

486 

The  amount  of  coal  per  honr  being  kept  constant. 

15.  The  above  discussion  shows  the  eff^ect  of  a  change  in  the 
air  supply  per  pound  of  fuel.  The  caicses  which  determine  the 
air  supply  are  beyond  the  scope  of  this  paper.  They  are  con- 
nected with  those  governing  the  efficiency  of  combustion  and  the 
generation  of  sensible  heat  from  latent  heat,  and  hence  the  causes 
of  a  change  of  air  supply  need  not  be  discussed  when  considering 
only  the  transfer  of  heat  from  one  side  of  the  heating  surface  to 
the  other. 

16.  The  coefficients  of  transfer  of  heat,  b  in  paragraph  8,  and 
1/a  in  paragraph  10,  appear  wherever  Sy  the  area  of  heating  sur- 
face, appears.  An  increase  of  given  per  cent  in  the  resistance  of 
the  surface  to  the  transfer  of  heat  has  therefore  the  same  effect 
as  a  decrease  of  the  area  of  the  surface  by  a  proportional  amount. 

17.  We  have  now  considered  all  of  the  terms  in  the  formuUa 
except  t,  the  temperature  of  the  water  at  boiler  pressure.  Though 
this  is  frequently  neglected,  it  is  as  important  as  some  of  the 
othera  We  wiU  get  at  it  best  by  supposing  we  have  a  curve  for 
a  given  value  of  t^  and  then  determining  the  new  curve  if  ^  is 
changed  and  the  other  quantities  kept  constant  Take,  for  ex- 
ample, Emery's  upper  curve,  Fig.  120,  and  assume  that  the  expe- 
riments were  made  at  atmospheric  pressure,  as  was  probably  the 
case,  and  that  the  temperature  of  the  outside  air  was  62.  Then 
/  =  212  —  62  =  150.  Let  us  determine  what  would  have  been  the 
result  had  the  pressure  been  142  pounds*  temperature  of  steam, 
362,  and  t  =  362  —  62  =  300.  Emery's  curve  is,  if  we  use  formula 
(2),  (Rankine's), 

best  expressed  by  taking  B  x  Ep  =  14.2,  and  A  =  .365. 

♦BuU.  Soc.  Ind.  de  Mulhouse,  IST^d,  p.  254  ;  quoted  by  D.  K.  Clark,  Steam 
Engine,  vol.  i.,  p.  289. 
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We  will  assume  T^  =  3,500.    This  gives 

and  B  x  Ep  becomes,  if  Hs  changed  to  300  degrees^ 
14.85  x&??S  =  13.56. 


-^150  =  '365 


3,500 


3,350' 
1,220 


whence  acf  =  1,220. 

"*    "poo 

and  the  formula  becomes,  for  t  =  300, 


^8«)  =  5^n  =  .382, 


^=13.56 -.382  J, 

showing,  other  things  being  equal,  a  gain  of  about  6  per  cent, 
due  to  running  at  atmospheric  pressure  instead  of  at  142  pounds. 
Therefore,  85  per  cent,  efficiency  at  atmospheric  pressure  is  no 
better  than  80  per  cent,  at  present  ruling  boiler  pressures. 

18.  If  a  portion  of  the  boiler  surface  be  removed  and  an 
equal  area  of  economizer  heating  surface  be  put  in  its  place,  t 
becomes  very  nearly  0  for  this  part  of  the  heating  surface,  and 
though  the  true  equation  is  obviously  rather  complicated,  the 
formula  indicates  for  steam  at  140  pounds  a  saving  of  several 
per  cent.,  say  from  8  to  10,  depending  on  the  relative  amounts  of 
boiler  and  economizer  surface,  and  on  the  total  heating  surface. 
If  in  addition  to  or  instead  of  changing  part  of  the  boiler  heating 
surface  to  economize' heating  surface,  the  total  amount  of  heating 
surface  should  be  increased  by  adding  an  economizer,  then  there 
will  be  an  additional  gain. 

The  questions  of  relative  first  cost,  depreciation,  reliability,  etc., 
of  economizer  or  boiler  heating  surface  are  beyond  the  scope  of 
this  paper,  but  unless  these  considerations  interfere,  \k\Qi proportion 
of  economizer  heating  surface  should  obviously  be  as  large  as 
can  practically  be  operated.  In  English  (Lancashire)  boilers, 
which  can  be  safely  run  at  very  high  rates  of  evaporation  per 
square  foot  of  heating  surface,  this  limit  seems  to  lie  at  the  point 
where  so  much  heat  is  put  into  the  economizer  that  steam  is  gen- 
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erated  in  it  This  giyes  in  practice  a  relation  of  50  per  cent 
boiler  heating  surface  and  50  per  cent  economizer  heating  surface. 
In  American  practice  the  boilers  are  generally  designed  so  that 
it  is  not  practicable  to  run  at  yery  high  rates  of  evaporation.  There- 
fore for  such  boilers  the  rule  indicated  would  appear  to  be  to 
give  to  the  boilers  the  smallest  workable  amount  of  heating  sur- 
facCy  and  then  add  economizer  heating  surface  until  the  desired 
efficiency  is  reached. 

19.  One  further  point  remains  to  be  considered — viz.,  radiation. 
Most  of  the  results — Emery's,  Isherwood's,  and  the  Weisbach 
tests — are  on  internally  fired  boilers  at  low  pressure.  Hence  we 
should  expect  to  find  the  radiation  comparatively  small.  The 
per  cent  of  radiation  varies  as  we  change  the  rate  of  evaporation, 
but  the  radiation  expressed  in  heat  units  per  minute  is  constant. 
Therefore  the  effect  will  be  to  change  the  formula  (2)  so  that  if 
R  be  the  radiation  expressed  in  units  of  evaporation  per  hour  for 
each  square  foot  of  heating  surface  of  the  boiler, 

Ea  =  B  ^  Ep  —  A[^  + R)-    W_   .    .     .     .    (36) 

w . 

These  changes  will  have  a  very  small  effect  if  -^  is  Isirge.     As 

W 

-^  becomes  small  the  curve  begins  to  droop  towards  the  origin  at 

the  left-hand  side.  Fig.  124  shows  the  effect  on  an  assumed  curve 
if  the  radiation  be  0  per  cent.,  2J  per  cent.,  5  per  cent.,  10  per 
cent,  and  20  per  cent  at  a  rating  of  3  pounds  evaporation  per 
sqaare  foot  of  heating  surface  per  hour. 

20.  It  is  apparent,  on  reviewing  paragraph  3  to  paragraph  9 
inclusive,  that  not  only  was  the  constant  radiation  very  small  in  the 
tests  from  which  Emery  and  others  derived  their  formulae,  but  that 
it  must  also  have  been  very  small  not  to  appear  in  Clark's  results. 
The  radiation  in  these  tests  could  not  have  been  over  2  per  cent, 
at  a  rating  of  3  pounds  evaporation  per  square  foot ;  otherwise 
the  droop  would  have  been  apparent.  Although  the  radiation 
depends  directly  on  t^  the  temperature  of  the  steam,  so  that,  for 
modem  practice,  where  t  has  doubled  its  value  this  2  per  cent, 
would  become  4  per  cent.;  and  although  there  is  possibly  small 
additional  radiation  from  some  externally  fired  boilers,  yet  it 
does  not  seem  possible  that  the  radiation  could  in  modem  prac- 
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tice  have  gone  up  to  mncb  over  6  or  7  per  cent  at  most,  and  it 
is  probable  that  it  is  not  over  5  per  cent,  if  it  is  as  much  as  that 

21.  Formula  (36)  may  be  put  in  -a  slightly  more  convenient 
form. 

w    ^ 
Ea  =  B  X  Ep-A'-^-W^      ....     (37) 

This  will  be  incorrect  at  very  low  rates  of  evaporation,  but  will 

be  found  accurate  enough  for  practical  purposes. 
For  modem  practice, 

B  =  about  .90  at  present  steam  pressures  and  with  a  small  air 
supply.     If  the  methods  of  firing  are  such  that  a  large  air 
supply  is  necessary  for  proper  combustion,  B  may  be  .80 
or  even  .75. 
If  economizers  are  used,  jff  =  1  in  every  case. 

^1  =  .3  with  a  clean  boiler  and  a  very  small  air  supply.  A^  in- 
creases directly  as  the  resistance  of  the  heating  surface  to 
heat  transfer,  and  increases  approximately  as  the  square 
of  the  air  supply  per  pound  of  fuel.  A^  =  about  .5  in 
ordinary  practice,  and  may  reach  .9,  or  even  higher,  in  bad 
cases. 

R^  =  about  ^  in  well-clothed  internally  fired  boilers  at  low 
pressures.  It  may  have  reached  3  in  some  modern  boilers, 
but  probably  is  not  over  1  or  1.5. 

22.  As  was  shown  in  paragraph  13,  neither  this  formula  nor  any 
other  formula  will,  with  our  present  skill  in  boiler-testing,  allow 
us  to  infer  from  the  efficiency  at  one  rate  of  evaporation  exactly 
what  the  result  of  a  test  will  be  at  another  rate  of  evaporation. 
Even  if  the  air  supply  be  measured,  single  results  will  be  apt  to 
be  very  irregular. 

23.  But  when  changing  an  old  plant  or  building  to  a  new  one  it 
is  often  necessary  to  make  some  assumption  as  to  whether  the 
addition  of  a  given  amount  of  heating  surface  will  save  enough 
coal  to  pay  interest  on  its  cost  and  other  charges.  It  is  believed 
that  the  above  formulae  will  be  of  practical  value  in  such  cases 
and  that  the  chances  of  success  will  be  greater  than  with  any 
other  form. 

24.  Unfortunately  no  great  series  of  tests  like  those  of  Isher- 
wood's  have  been  made  in  late  years.  In  Fig.  125,  however,  are 
presented  practically  all  of  the  tests  given  by  Mr.  G.  H.  Barrus 
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Pounds  Evaporation  per  Square  Foot  Heatlnff  Sucface  par  Hour 
FiQ.  126.  —  A.  B.  W.    KCNNCOV. 
Teats  of  a  Tbomeycroft  BoQer,  Proceedings  oT  Inst,  of  CML  Engineers,  VoL  XCIX.  p.  57. 

in  his  book  on  boiler  tests,  in  which  anthracite  coal  was  used. 
The  two  curves  represent  the  formulsB, 


W 
JEb  =  13  -  .6  -J  ; 

W 

Za  =  13  -  .6  ^  - 


1^5 
W; 


the  first  being  with  no  allowance  for  radiation,  the  second  being 
with  an  allowance  of  5  per  cent,  at  a  rating  of  Hi  square  feet  per 
boiler  horse-power. 

25.  Professor  Kennedy,*  in  1888,  made  a  series  of  four  com- 
plete tests  on  a  Thomeycroft  boiler,  which  so  beautifully  illustrate 
the  formula  proposed  that  the  paper  will  conclude  with  them. 
*  Proceedings,  I.  C.  E.  (British),  XCIX.,  p  57. 
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The  four  tests  and  the  straight  line  they  indicate  are  given  in 
Fig.  126. 

The  line  shows  but  very  slight  tendency  to  droop  towards  the 
origin  at  the  left.  Hence  this  indicates  a  very  small  radiation. 
To  check  this  we  have  the  heat  balances  as  calculated  by  Profes- 
sor Kennedy  from  the  analysis  of  the  coal  and  the  gases,  and  we 
iind  that  he  accounted  for  all  but  1.9  per  cent.,  8.6  per  cent.,  2.8 
per  cent.,  and  3.9  per  cent,  of  the  heat  of  the  coal  in  the  steam, 
in  the  hot  gases,  and  in  imperfect  combustion  by  burning  to  CO. 
As  we  know  there  must  have  been  some  solid  matter  in  the 
smoke,  etc.,  the  heat  balances  fully  bear  out  the  indications  of 
the  curve,  that  the  radiation  was  very  small.  Hence  the  formula 
may  be  taken  without  sensible  error  as  being, 

W 
Ea  =:Bx£j>  —  A-^; 

and  the  line  indicates  that  B  =  13.88, 
and  that  A  =      .3 

We  cannot  calculate  A  except  from  Fig.  126,  since  we  do  not  know 
a  in  formula  (85),  but  we  have  a  check  for  B  from  formula  (34). 

In  Professor  Kennedy's  tests  JTwas  14,900,  t  averaged  309, 
c  was  .24,  andy  averaged  18.6,  whence  B  =  .907  and  B  x  ^  =  14, 
as  compared  with  13.88  deduced  from  the  curve. 

It  is  to  be  noted  that  this  calculation  depends  on  all  four 
experiments.  An  error  in  the  very  high  evaporation  reported  in 
the  test  at  1.24  pounds  per  square  foot  of  heating  surface  would 
only  indicate  that  the  radiation  was  lai^er,  and  would  affect  B  in 
the  formula  hardly  at  all. 

DISCUSSION. 

Mr.  W.  W.  Christie, — The  following  figures  are  taken  from 
test  reports  in  my  paper  on  the  eflBciency  of  the  boiler  grate : 

The  average  of  10  tests  of  horizontal  boilers,  11.52  square  feet 
of  heating  surface  per  1  horse-power  developed.  Ratio,  45.55: 
1 — heating  surface  to  grate  surface. 

The  average  of  22  tests  of  vertical  boilers,  10.42  square  feet  of 
heating  surface  per  1  horse-power  developed.  Ratio,  48.85  : 1 — 
heating  surface  to  grate  surface. 

On  page  341  of  Engineering  News^  November  26,  1896,  I 
would  call  attention  to  the  use  by  Dean  &  Main  of  the  large  ratio 
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of  85  to  1,  because  coal  to  be  burned  was  a  prior  consideration  to 
the  grate  area — it  being  expected  that  the  boilers  would  be  rushed. 

Dr.  Chas.  E.  Emery. — A  collation  of  the  writings  and  invest!, 
gations  of  different  authors  in  relation  to  a  subject  of  engineering 
interest  may  be  of  great  value  if  the  apparent  contradictions  be 
analyzed  and  the  results  formulated,  so  as  to  include  features 
settled  by  all  the  authorities.  In  the  paper  under  discussion,  the 
very  considerable  meritorious  labor  performed  by  the  author  is 
marred  by  the  fact  that  relative  weight  has  not  been  given  to  the 
diflferent  authorities  quoted,  so  the  evident  contradictions  make 
the  subject  appear  in  an  unsettled  state,  and  tend  to  produce 
confusion.  The  author  discusses  first  Rankine's  formula,  which  is 
of  course  entitled  to  respect,  but  being  based  on  mere  elementary 
data  and  expanded  therefrom,  cannot  have  the  force  of  direct 
experiment  upon  the  subject  under  discussion.  Mr.  Isherwood's 
averages  and  generalizations  presented  in  Fig.  117  are  based 
merely  on  a  table  prepared  at  an  early  date  from  data  varying 
within  comparatively  narrow  limits,  and  the  upper  limits  were 
evidently  based  upon  judgment  or  insufficient  data,  and  are  there- 
fore inaccurate.  The  Clark  and  Carpenter  formulae  are  incor- 
rect in  form,  as  stated  in  the  paper,  and  therefore  not  fitted  for 
generalizations  outside  the  limits  of  the  particular  experiments 
upon  whicb  they  are  based. 

Previous  to  the  year  1866  the  investigations  on  the  relative  value 
of  greater  or  less  proportion  of  heating  surface  in  boilers  were 
confined  to  a  few  experiments  through  a  limited  range,  which 
made  it  impracticable  to  formulate  the  general  results  in  a  prac- 
tical manner.  In  the  years  1865-66,  however,  experiments  were 
made  with  a  vertical  tubular  boiler  of  the  Martin  type,  in  which 
the  heating  surface  was  progressively  reduced  until  nothing  was 
left  but  the  furnace  and  uptake,  and  positive  evidence  became 
available  on  the  subject.  This  work  was  doubtless  initiated  by 
Mr.  Isherwood,  but  carried  out  by  civilians  and  naval  officers 
jointly  and  reported  to  the  Navy  Department;  but  the  results 
of  the  experiments  were  not  generalized  and  formulated  previous 
to  my  article  on  "  Boiler  Proportions  "  in  the  report  of  the  judges 
of  Group  XX.,  Centennial  Exhibition.  I  there  gave  a  formula 
which  fairly  represented  the  phenomena,  and  a  form  of  curve  was 
selected  which  could  not  only  be  carried  through  the  points  by 
varying  the  constants,  but  which  was  correct  at  the  limits.  Such 
curve,  with  the  rate  of  combustible  per  square  foot  of  heating 
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surface  per  hour  as  abscissa  and  the  units  of  evaporation  as 
ordinates,  should  necessarily  have  a  maximum  value  when  the 
rate  of  combustion  per  square  foot  of  heating  surface  approached 
the  limit,  viz. :  0 ;  and  such  evaporations  decrease  slowly  as  the 
rate  of  combustion  increased,  but  should  never  reach  0 ;  hence 
that  branch  of  the  curve  was  an  asymptote.  These  conditions 
were  fulfilled  by  using  a  hyperbolic  curve.  The  equations  given 
in  the  report  stated,  repeated  also  in  the  Transactions  of  this 
Society,  volume  xvii.,  page  269,  therefore  represent  the  results 
of  the  best  experiments  available,  and  in  a  way  that  the  formula 
should  be  applicable  through  any  limits.  The  preponderating 
weight  of  evidence  should  be  given  to  these  unequalled  experi- 
ments, and  the  formula  I  gave  is  the  only  one  which  fully  repre- 
sents the  same.  The  value  of  the  other  formulae  in  the  paper 
may  therefore  be  judged  by  their  correspondence  with  these 
experiments.  Unfortunately  the  author  of  the  paper  has  pre- 
sented the  results  on  a  different  basis  than  that  employed  by 
Rankine  and  by  myself,  and  uses  the  evaporation  per  square  foot 
of  heating  surface,  instead  of  the  combustible  per  square 'foot  of 
heating  surface  as  the  abscissa.  With  his  method  of  presenta- 
tion both  the  abscissa  and  ordinates  contain  a  common  factor. 
The  ordinates  are  the  units  of  evaporation  per  pound  of  com- 
bustible. The  abscissa  are  the  units  of  evaporation. per  pound 
of  combustible  multiplied  by  the  combustible  per  square  foot 
of  heating  surface.  This  makes  the  equations  much  more 
involved  than  in  the  form  presented  by  Rankine  and  myself. 
Rankine's  formula,  founded  only  on  elementary  data,  reduces 
to  a  simple  equation  of  a  straight  line,  as  given  by  Mr.  Hale, 
but  the  formula  given  by  me  does  not  so  reduce,  and  the  differ, 
ence  is  important,  particularly  when  it  is  desired  to  reach  very 
high  evaporations  per  square  foot  of  heating  surface.  The 
inaccuracies  resulting  from  the  use  of  constants  based  on  a  few 
experiments  and  applied  to  Rankine's  formula  are  shown  by 
comparing  corresponding  results  in  the  table  at  page  81,  General 
Report  of  Judges  of  Group  XX.,  based  on  my  formula,  with 
those  given  in  Fig.  116  by  Mr.  Hale.  For  22  pounds  evapora- 
tion per  square  foot  of  heating  surface  per  hour  Mr.  Hale  gives 
for  different  boilers  with  Rankine's  formula  evaporations  per 
pound  of  combustible  varying  as  follows:  2.2,  3.4,  7.2,  7.8 
approximately,  whereas  my  formula  gives  5.5.  Again,  for  5 
pounds  evaporation  per  square  foot  of  heating  surface,  Fig.  IIG 
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gives  as  pounds  of  water  evaporated  per  pound  of  combustible, 
10.8,  12,  12.3,  and  13.1  approximately,  whereas  my  formula 
gives  12.41.  It  is  evidently  not  possible  that  different  boilers 
can  give  such  wide  variations  as  shown  by  the  first  of  these  illus- 
trations, and  only  badly  proportioned  boilers  could  show  the 
variations  shown  by  the  second  illustration.  Referring  to  Fig. 
117,  Mr.  Isherwood's  results  for  low  evaporations,  based  on  actual 
results,  do  not  vary  greatly  from  those  given  by  my  formula; 
but  for  13.7  pounds  evaporation  per  square  foot  of  heating  surface 
his  original  curves  only  work  out  6.4  pounds  of  water  evaporated 
per  pound  of  combustible,  whereas  my  curve,  based  on  the  later 
experiments,  shows  that  9.13  pounds  were  actually  obtained. 
The  results  given  by  my  formula  are  those  which  have  been 
actually  obtained  in  practice  under  the  very  rigid  conditions 
stated,  and  may  therefore  be  relied  upon  as  approximately  a  true 
solution  of  the  problem.  The  results  are  lower  in  other  cases, 
as  shown  in  relation  to  the  steam  boilers  tested  at  the  Centen- 
nial Exhibition,  page  73  of  the  Report.  Nevertheless  the  formula, 
shows  what  is  possible  under  the  best  conditions  and  the  true  law 
of  variation  under  such  conditions. 

Mr.  Geo,  /.  Rockwood. — I  notice  in  paragraph  18,  in  speaking  of 
a  combination  of  economizers  and  boilers,  the  author  says :  "  If  in 
addition  to  or  instead  of  changing  part  of  the  boiler  heating  surface 
to  economize  heating  surface,  the  total  amount  of  heating  surface 
should  be  increased  by  adding  an  economizer,  then  there  will  be  an 
additional  gain.  The  questions  of  relative  first  cost,  depreciation, 
reliability,  etc.,  of  economizer  or  boiler  heating  surface  are  beyond 
the  scope  of  this  paper,  but  unless  these  considerations  interfere, 
the  proportion  of  economizer  heating  surface  should  obviously  be 
as  large  as  can  practically  be  operated."  And  then  he  goes  on  to 
speak  of  the  Lancashire  boiler.  Now  that  touches  upon  the  ques- 
tion of  whether  economizers  are  wise  investments  in  this  country 
or  not,  and  in  relation  thereto  I  might  say  that  this  summer  I 
looked  into  this  matter  a  little.  The  fact  that  the  economizer  is 
so  largely  used  in  England  has  often  been  adduced  as  a  reason 
why  we  should  use  it,  and  I  think  it  is  very  important  to  know 
the  difference  between  the  reasons  which  actuate  us,  and  the  reasons 
which  actuate  the  Englishmen  in  using  the  economizer.  The  reason 
in  England  is  this,  that  a  Lancashire  boiler  costs  three  times  as 
much  per  square  foot  of  heating  surface  as  the  economizer  does ; 
hence,  buy  as  much  economizer  and  as  little  boiler  as  you  can. 
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That  is  all  there  is  to  it,  Now  in  this  country  boilers  cost  a 
little  more  than  one-half  what  we  have  to  pay  for  economizer  sur- 
face ;  hence,  in  America,  buy  as  much  boiler  and  as  little  econo- 
mizer as  you  can.  So  that  these  questions  of  first  cost,  deprecia- 
tion, and  so  on,  do  enter  into  the  problem  in  this  country  and  also 
in  England,  but  in  quite  different  ways.  I  question  whether,  if 
we  do  our  utmost  to  heat  feed-water  with  exhaust  steam  from 
auxiliaries  and  by  the  use  of  proper  heaters,  or  utilize  the 
steam  from  the  receivers  in  compound  engines  in  large  cotton 
mill  plants,  and  utilize  our  American  boilers  where  the  cost  per 
horse-power  is  about  one-fourth  of  what  it  is  in  England — I  ques- 
tion whether  we  have  got  sufficient  use  in  the  average  mill  plant 
in  this  country  for  an  economizer.  I  admit,  however,  that  the 
economizer  has  a  place  in  certain  directions,  as  in  street  railroads, 
or  wherever  the  power  is  very  variable  and  very  large. 

Mr,  William  Kent, — ^Mr.  Hale's  paper  is  an  exceedingly  inter- 
esting one,  and  we  should  be  indebted  to  him  for  having  put  into 
the  shape  in  which  he  has  the  formulae  of  Rankine,  Isherwood, 
Clark,  and  others,  so  that  a  comparison  may  be  made  between 
them.  The  subject  is  one  to  which  I  have  given  considerable  at- 
tention, and  I  have  placed  in  Fig.  127  some  results  of  my  studies 
which  were  first  published  in  Van  NostrancTs  Magazine  in 
August,  1884,  in  a  paper  on  ''  The  Evaporative  Power  of  Anthra- 
cite Coal,''  and  are  now  revised  and  put  in  the  form  here  pre- 
sented. I  have  placed  in  the  diagram,  together  with  the  location 
of  Mr.  Hale's  curve  based  on  five  per  cent,  radiation,  the  results 
of'  the  tests  made  at  the  Centennial  Exhibition,  and  the  extreme 
results  given  by  Mr.  Hale  in  Fig.  125,  as  taken  from  Mr.  Barrus's 
tests  with  anthracite,  reported  in  his  book  on  Boiler  Tests.  The 
abscissas  are  water  evaporated  from  and  at  212  degrees  per  square 
foot  of  heating  surface  per  hour,  and  the  ordinates  show  the  econ- 
omy of  the  boiler,  expressed  in  water  evaporated  from  and  at  212 
degrees  per  -pound  of  combustible.  The  Centennial  tests  were 
made  by  a  commission  of  which  our  Mr.  Emery  was  chairman,  in 
Philadelphia  in  1876  (see  Report  of  the  Judges,  Group  XX.),  and 
they  were  made  under  very  strict  regulations,  with  the  same  kind 
of  coal  and  every  condition,  so  far  as  possible,  equal ;  the  only  dif- 
ference being  that  the  boilers  were  diflferent  Each  boiler-maker, 
I  believe,  had  the  right  to  determine  at  what  rate  of  combustion 
or  what  rate  of  evaporation  his  boiler  should  be  run  to  give  its 
maximum  economy.     There  were  two  tests  made  of  each  boiler, 
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Results  op  Boiler  Tests  at  the  Centennial  Exhibition,  1876. 
Pounds  water  evaporated  from  and  at  212  degrees. 


Capactty  Tests. 

Economy  Tests. 

NaMK   <>*•  BOILKR. 

Per  8q.  f r. 

heating"  surface 

per  Dour. 

Per  lb. 
combastible. 

Per  eq.  ft. 

heatini;  ttarTace 

per  hour. 

Per  lb. 
combastible. 

Wiegand 

Harrison 

4.198 
4.151 
2.287 
5.802 
4.000 
3.207 
5.426 
2.383 
3.171 
3.840 
8.789 
5.413 
4.108 
6.698 

9.145 

9.889 

11.064 

9.429 

9.745 

10.441 

8.897 

9.974 

11.163 

10.830 

11.925 

11.216 

9.568 

9.865 

3.800 
3.157 
1.932 
3.941 
2  665 

10.834 
10.930 

Firmeuicli 

11938 

Rogers  &  Black 

Andrews 

9.618 
11  n»Q 

Root 

2.586                I2  0fli 

Kelly 

4395 
1.592 
2.149 
2  791 
2.785 
4.178 
3.034 
6.106 

10  312 

Exeter 

10.041 

Lowe 

11  923 

Babcock  &  Wilcox  . . . 
Smith 

11.822 
11  906 

Galloway 

11.588 

Anderson 

10.618 

Pierce 

10  021 

Note.— In  the  origioal  report  of  these  tests  the  rate  of  evaporation  per  square  foot  of  heating 
surface  \b  given  in  ponuds  evaporated  from  100  degrees  temperature  of  feed  into  steam  at  75 
pounds  pressure.  In  the  above  table  the  figures  in  the  report  have  been  multiplied  by  the  factor 
of  evaporation  1.15  to  reduce  them  to  the  standard  now  universally  n^ed^  viz.,  **  from  and  at  212 
degrees." 
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Fig.  127. 
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Let  US  look  now  at  the  line  showing  the  results  of  the  tests  of 
the  Firraenich  boiler.  At  2.28  pounds  of  water  per  square  foot 
of  heating  surface  per  hour,  it  gave  about  8  per  cent,  lower  econ- 
omy than  it  did  at  a  rate  of  1.93  pounds,  and  the  line  joining  the 
two  tests  is  only  slightly  inclined  from  the  vertical.  The  Smith 
boiler,  on  the  contrary,  gives  a  line  which  inclines  a  trifle  above 
the  horizontal.  Here  is  a  direct  contradiction  of  the  law  indi- 
cated  by  the  Firmenich  boiler  tests,  and  of  the  generally  accepted 
law  that  increasing  the  rate  of  evaporation  decreases  the  economy. 
The  Firmenich,  Root,  Wiegand,  and  Kelly  boilers  show  a  rapid 
decrease  of  economy  with  increase  in  the  rate  of  driving,  while 
the  Exeter,  the  Rogers  &  Black,  and  the  Pierce  show  a  very 
slight  decrease,  iand  the  Smith  actually  shows  a  slight  increase. 

We  may  learn  a  great  deal  from  these  straight  lines  express- 
ing the  results  of  the  Centennial  tests,  but  they  also  indicate  the 
extent  of  our  ignorance.  It  is  unfortunate  that  these  tests  were 
not  made  at  three  or  more  different  rates  of  evaporation  instead 
of  two.  We  could  then  have  drawn  curves  instead  of  straight 
lines,  and  the  following  questions  might  have  been  answered, 
which  it  is  now  impossible  to  answer  accurately,  although  the 
straight  lines  indicate  an  affirmative  answer  in  each  case,  if  we 
assume  that  each  straight  line  is  extended  at  one  or  both  ends. 
1.  Would  the  Babcock  boiler  have  beaten  the  Root  on  the  econ- 
omy test  if  the  two  boilers  had  been  driven  at  the  latter's  rate, 
2.6  pounds  ?  2.  Would  the  Lowe  boiler  have  beaten  the  Babcock 
on  the  capacity  test  if  both  had  been  driven  at  the  rate  of  3.8 
pounds  ?  3.  Would  the  Wiegand  have  beaten  all  the  other  boil- 
ers at  a  3-pound  rate,  and  would  it  have  been  beaten  by  all  the 
other  boilers,  the  Firmenich  excepted,  if  it  had  been  driven  at  4 J 
pounds?  4.  Would  the  Kelly  boiler  have  beaten  the  Galloway 
at  a  3^  pound  rate  ?  Would  the  Smith  boiler  have  beaten  all  the 
others  at  5  and  at  6  pounds  ? 

From  the  Centennial  tests  we  learn  further  that  there  is  a  little 
field,  within  the  limits  of  1.9  and  3  pounds  evaporation  per  square 
foot  of  heating  surface  per  hour,  in  which  five  boilers  of  different 
construction — viz.,  the  Root,  the  Firmenich,  the  Babcock  &  Wil- 
cox, the  Smith,  and  the  Lowe  boilers — gave  an  evaporation  of 
between  11.8  and  12.1  pounds  per  pound  of  combustible,  and  that 
the  Galloway  boiler  would  probably  have  entered  this  field  if  a 
test  had  been  made  at  as  low  a  rate  as  3  pounds.  These  figures 
11.8  to  12.1  pounds  are  probably  close  to  the  maximum  figures 
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which  can  be  obtained  by  any  boiler,  not  provided  with  an  econ- 
omizer,  burning  anthracite  coal. 

In  addition  to  the  Centennial  tests  I  have  plotted  on  the  dia- 
gram the  results  of  Mr.  Barrus's  tests  with  anthracite  coal,  as 
shown  in  Fig.  125  of  Mr.  Hale's  paper,  taking  only  those  tests 
which  lie  on  the  boundary  of  the  field  covered  by  the  fifty  or 
more  tests  shown  by  Mr.  Hale.  I  have  also  plotted  Mr.  Hale's 
curve  in  Fig.  125,  derived  from  the  formula  given  on  page  347 
of  his  paper : 

i7a  =  13-.6-^-^^. 

This  curve  represents  about  the  average  of  Mr.  Barrus's  results, 
if  we  leave  out  five  of  them  which  seem  exceptionally  low.  It 
can  scarcely  be  said,  however,  to  represent  the  average  of  the 
Centennial  tests,  either  in  position  or  direction.  On  the  upper 
boundary  of  all  the  tests  a  curve,  entitled  curve  of  maximum  results, 
is  drawn,  passing  through  four  of  the  Centennial  tests  and  the  one 
test  by  Mr.  Barrus  at  the  high  rate  of  evaporation  of  8  pounds 
per  square  foot  of  heating  surface  per  hour.  This  curve  repre- 
sents the  probable  maximum  results  which  can  be  obtained  with 
anthracite  coal  under  the  very  best  conditions,  between  the  rates 
of  evaporation  of  2  and  8  pounds.  Perhaps  Mr.  Hale,  or  some 
other  one  of  our  members  who  is  skilled  in  the  art  of  making 
formulas  to  fit  given  curves,  may  give  the  formula  for  this 
curve.  The  data  upon  which  the  formula  should  be  based  are 
the  following  five  points  : 

Abscissas 1.982  2.586  8.789  5.413        8. 

Ordinates 11.938        12.094        11.925        11.216        8.45 

From  the  curve  as  here  drawn,  the  following  approximate 
values  are  obtained : 

Lbs.  water  evapo- 
rated from  and  at 
212^*  per  sq.  ft. 
beating  surface 
per  bour. 

Lbs.  water  evapo- 
rated from  and  at 
212*  per  lb.  com- 
bustible. 


1.7     2        2.6     8       8.5        4       4.5 


ai.9   12.0  12.1   12.05   12   11.85  11.7  11.5.    10.85  9.8  8.5 


Now  summing  up  the  results  of  this  study,  what  do  we  learn 
from  it  ?     Plainly  that  the  relation  of  the  rate  of  evaporation  to 
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the  efficiency  of  steam  boilers  cannot  be  expressed  satisfactorily 
by  any  curve  or  by  any  formula,  but  only  by  an  area  of  consider- 
able breadth.  The  general  shape  of  this  area,  as  shown  on  the 
diagram,  is  oblong,  and  inclining  downwards  to  the  right,  but 
the  transverse  dimension  of  this  area  is  so  great  that  if  we  draw 
a  curve  expressing  its  average  direction  any  individual  test  may 
have  an  efficiency  of  as  much  as  20  per  cent,  above  or  below 
that  represented  by  a  point  on  the  curve  taken  at  the  same  rate 
of  evaporation  as  that  of  the  test.  The  curve  of  maximum 
results  represents  the  eltent  of  our  knowledge  concerning  the 
efficiency  which  it  is  possible  to  obtain  under  exceptionally 
favorable  conditions ;  the  width  of  the  area  represents  the  depth 
of  our  ignorance  as  to  -how  to  obtain  the  best  conditions.  We 
will  probably  not  be  able  to  increase  our  knowledge  concerning 
the  conditions  which  govern  the  efficiency  of  boilers  fired  with 
anthracite  coal  by  further  study  of  the  records  of  the  past,  but 
with  what  we  have  as  a  starting  point,  and  knowing  something 
as  to  the  extent  of  our  ignorance,  we  are  now  ready  to  increase 
our  knowledge  by  making  new  experiments. 

We  now  know  that  with  one  boiler  we  can  get  sometimes  an 
increased  efficiency  by  rapid  driving,  and  with  another  boiler  or 
with  the  same  boiler  at  another  time  we  get  the  exactly  opposite 
result.  The  thing  now  for  us  to  do  is  to  look  into  the  causes 
which  control  the  results.  There  are  some  causes  other  than 
simple  rate  of  evaporation,  such  as  the  shape  of  the  flame  passages 
and  the  tube  area,  or  the  rate  of  draft  in  its  relation  to  the 
amount  of  coal  burned,  or  a  combination  of  diflferent  causes, 
which  complicate  the  results.  But  by  study  of  tests  to  be  made 
in  the  future  we  may  get  some  knowledge  of  how  to  proportion 
boilers  so  as  to  get  the  best  results. 

What  is  the  lesson  to  be  learned  from  the  Centennial  tests? 
Here  were  fourteen  diflferent  boiler  manufacturers,  each  thinking 
that  he  had  the  best  boiler.  When  we  came  to  test  them  we 
found  some  extraordinarily  low  results.  If  we  take  a  certain  make 
of  boiler  to-day  and  go  at  random  among  the  diflferent  customers 
who  use  it,  and  make  tests  without  the  knowledge  of  the  maker 
of  the  boiler,  we  will  find  just  about  the  same  heterogeneous 
results  which  we  had  in  the  Centennial  tests.  That  is,  take  any 
boiler  of  well-known  make  and  good  reputation,  and  find  how 
that  boiler  is  used  in  practice,  and  we  will  find  results  like  these, 
and  no  man  living  knows  why.     The  reason  why  has  not  been 
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inv^tigated.  What  we  do  not  know  about  boilers  to-day  would 
fill  a  big  book.  But  we  have  made  one  step  in  advance  in  the 
knowledge  of  boilers  if  we  know  something  of  the  extent  of  our 
ignorance,  and  that  is  that  the  law  of  the  relation  of  the  rate  of 
evaporation  to  efficiency  is  expressed  by  a  wide  field,  instead  of 
by  a  straight  line  or  by  a  formula. 

Mr,  Pearson, — Speaking  of  boilers,  and  getting  at  the  law  of 
efficiency,  I  should  suppose  the  locomotive  had  shown  us  that  it 
is  utterly  impossible  to  establish  a  law  or  rate  which  will  be  at  all 
accurate.  I  do  not  think  there  is  any  concern  to-day  using  loco- 
motives, who  have  placed  an  order  for  two  or  more  all  of  the 
same  type,  who  have  put  them  in  the  hands  of  the  same  engineer, 
same  fireman,  upon  the  same  division  the  same  day,  and  have 
obtained  equal  results. 

Mr,  Edward  J,  Willis. — My  experience  with  a  stationary  plant 
is  very  similar  to  those  which  have  preceded. 

In  the  Richmond  Traction  Company  I  have  scales  in  the  boiler- 
room  and  a  Worthington  meter  on  each  boiler.  Records  of  coal 
and  water  are  taken  each  shift.  Under  these  conditions  the  con- 
tinuous records  of  several  months  give  a  very  good  opportunity 
for  watching  the  evaporation.  I  find  that  this  is  by  no  means 
constant,  even  with  the  same  boiler,  same  load,  same  coal,  and 
same  fireman ;  indeed  I  regard  with  suspicion  duplicate  results. 
I  find  variations  of  from  one  to  three  tenths  of  a  pound  under  the 
same  conditions,  so  far  as  I  can  see,  and  I  have  been  absolutely 
unable,  even  with  careful  study,  to  locate  their  cause.  These 
changes  occur  from  day  to  day,  one  way  or  the  other,  and  are 
apparently  not  connected  with  any  other  events  or  conditions. 

Mr,  Wm,  Bamet  Le  Van, — I  am  pleased  to  hear  Mr.  Kent  refer 
to  the  Centennial  tests  of  boilers  as  being  the  best  and  most  reliable 
boiler  tests  made.  I  claim  to  know  much  about  those  tests  from 
the  fact  that  I  was  present  when  each  boiler  was  tested,  and 
never  left  the  boiler-house  while  the  tests  were  going  on.  When 
no  trials  were  made  I  slept  on  the  flues  leading  to  the  chimney, 
and  ate  my  meals  standing  at  the  stand  of  the  platform  scales 
when  the  tests  were  in  progress.  I  made  a  memorandum 
of  every  trial  made,  and  at  the  end  of  each  test  compared  it 
with  Mr.  E.  M.  Hugentobler's  notes,  who  had  charge  of  the 
trials. 

Mr.  Kent  left  out  several  boilers  in  his  original  sketch  whose 
evaporation  exceeded  some  of  those  mentioned  and  shown  in  his 
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sketch,  notably  the  horizontal  flue  boiler  of  Mr.  William  Lowe, 
of  Bridgeport,  Conn.,  and  the  Galloway,  of  England.  The 
Lowe  boiler,  on  the  economy  trials,  evaporated  11.923  pounds 
of  water  per  pound  of  combustible  into  dry  steam,  whereas 
the  Babcock  &  Wilcox  mentioned  by  Mr.  Kent  evaporated 
11.822  pounds  per  pound  of  combustible;  moisture  of  steam, 
3.24  per  cent 

The  following  table  shows  the  result  of  the  economy  trials  of 
boilers  at  the  Centennial  tests : 

Poands  of  water  evaporated 
rrom  and  at  912  deerees  per 
pound  of  combustible. 

Wiegand 10.884 

Harrison 10.U30 

Firmenich 11.988 

Rogers  &  Black 9.613 

Andrews 11.039 

Boot 12.094 

Kfclley 10.312 

Exeter 10.041 

Lowe 11.923 

Babcock  &  Wilcox 11.822 

Smith 11.906 

Galloway 11.553 

mtuminotts  coal 12.125 

ABderson 10.618 

Pierce 10.021 

From  the  above  table  it  will  be  seen  that  when  anthracite  coal 
iwras  used  the  best  results  were  made  by  the  Root  boiler,  whose 
steam  was  perfectly  dry.  The  Firmenich  was  second,  also  dry 
steam.  The  Lowe  was  third  in  order,  evaporating  11.923  pounds 
of  perfectly  dry  steam.  The  fourth  was  the  Smith,  and  the  fifth 
the  Babcock  &  Wilcox,  with  an  evaporation  of  11.822  pounds  of 
water,  with  a  percentage  of  moisture  of  3.24  per  cent.;  the  sixth, 
the  Galloway,  11.583,  with  0.57  per  cent,  of  moisture. 

Mr.  John  Piatt. — I  just  want  to  make  one  or  two  remarks  on  this 
subject,  and  first  of  all  to  refer  to  the  question  of  the  Lancashire 
boilers  and  economizers.  Mr.  Rockwood  referred  to  the  use  of. 
the  Lancashire  boiler,  so  universal  in  England,  and  the  economizer 
with  it.  Perhaps  there  is  one  very  good  reason  why  the  Lanca- 
shire boiler  is  used  there,  and  that  is  from  the  fact  that  so  very 
often  the  water  is  very  bad  indeed  and  no  other  boiler  will  do. 
An  externally  fired  boiler  is  bad,  and  they  use  a  Lancashire  boiler 
because  they  can  get  inside  of  it  every  two  or  three  months,  and 
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they  then  sometimes  take  off  two  or  three  inches  of  scale.  I  have 
found  upon  English  boilers  six  or  eight  inches  of  scale.  Perhaps 
this  is  one  reason  why  Ihe  water-tube  boiler  people  have  rather  a 
bad  time  of  it  over  there,  and  do  not  do  anything  like  the  business 
they  do  in  this  country. 

Keferring  to  the  paper.  Mr.  Hale  mentions  at  the  end  of  the 
paper  Professor  Kennedy's  tests  of  the  Thorneycroft  boiler.  I 
would  like  to  refer  to  this  from  the  fact  that  I  have  heard  it 
spoken  of  here  several  times.  I  do  not  think  it  is  generally  known 
how  the  tests  were  made.  I  know  that  Professor  Kennedy's 
method  of  making  these  tests  has  been  questioned  very  much. 
Probably  the  reason  is  that  it  is  one  of  those  unfortunate  tests, 
or  perhaps  fortunate  ones,  in  which  the  result  is  very  high  indeed. 
The  efficiency  was  as  high  as  86.8  per  cent.,  with  an  evaporation 
of  over  thirteen  pounds.  Mr.  Kent  does  not  like  this  sort  of 
thing,  and  perhaps  I  had  better  i)ot  say  anything  more  about 
it ;  although  I  will  venture  to  say  that  inside  of  two  years  Mr. 
Kent  himself  will  be  able  to  give  to  this  Society  the  reasons,  based 
upon  a  good  many  of  the  facts  brought  forth  in  this  paper,  why 
the  result  can  be  obtained.  Referring  to  the  tests,  they  were 
made  in  a  torpedo  boat  under  active  service.  The  conditions 
there  are  quite  severe  and  peculiar,  and  Professor  Kennedy  could 
not  have  done  anything  differently  from  what  he  did  in  this  case. 
I  had  the  pleasure  of  serving  with  Professor  Kennedy  for  two  or 
three  years,  and  I  know  how  very  careful  he  is.  He  has  probably 
made  as  many  tests  as  any  one  living,  and  no  one  could  take  more 
care  than  he  does.  I  am  convinced  that  the  test  was  as  carefully 
made  as  it  could  be  under  the  circumstances. 

The  question  of  the  efficiency  of  boiler  heating  surface  is  one 
which  I  think  Mr.  Kent  will  say  something  about  later,  and 
I  have  come  to  thie  conclusion  which  be  has  stated,  namely, 
that  the  method  of  taking  off  the  gases  has^uite  a  good  deal  to 
do  with  it — a  good  deal  more  than  people  think.  I  have  been 
able  to  observe  it  in  the  last  twelve  months  in  the  case  of  one  or 
two  boilers.  They  are  marine  boilers,  but  still  the  results  would 
be  the  same.  It  is  a  question  as  to  whether  the  gases  are  taken 
off  with  a  fore  and  aft  movement,  or  vertically,  and  making  them 
touch  the  heating  surface  at  every  point.  The  very  general 
method  is  to  take  them  with  the  fore  and  aft  movement.  But 
Mr.  Thorneycroft,  who  has  probably  made  more  experiments  and 
spent  more  money — outside  of  the  Babcock  &  Wilcox  Company — 
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than  any  one  else,  has  worked  on  the  line  of  conveying  the  gases 
between  walls  of  tabes  right  straight  up  and  then  down  and  into 
a  central  chamber.  In  that  way,  I  think  he  has  been  able  to  gt»t 
the  very  excellent  results  which  have  been  obtained  with  his  boiler. 
Again,  the  question  of  the  circulation  in  the  boiler  has  a  great 
deal  to  do  with  the  final  result.  This,  of  course,  is  a  marine  boiler 
with  very  small  tubes,  and  the  circulation  in  it  is  like  a  jet  from  a 
small  fire-engine.  There  is  a  model  of  one  of  these  boilers  which 
was  prepared  to  demonstrate  to  the  Lords  of  the  Admiralty  im 
the  other  side  the  kind  of  circulation  which  takes  place.  The  top 
drum  is  fitted  with  glass  ends  so  that  it  can  be  observed.  This 
model  can  be  seen  at  77  Cedar  Street,  New  York,  by  any  member. 

Mr.  Le  Van, — In  r^ard  to  economizers.  The  Galloway 
boilers  are  now  set  so  as  to  pass  their  products  of  combustion  over 
the  top  of  shell,  thereby  dispensing  with  economizers. 

Furthermore,  I  have  found  that  setting  horizontal  l)oilers 
above  the  grates  36  to  42  inches  has  made  a  gain  of  5  to  10  \yGv 
cent,  in  fuel,  by  insuring  a  better  combustion,  and  {K)sitivoly 
assuring  the  thorough  commingling  of  the  fuel  gases  and  the 
atmospheric  air  which  enters  through  the  perforated  fire  door. 

Mr.  A,  A,  Cary, — As  to  differing  the  distance  between  tlie 
grates  and  the  heating  surface  I  found  that  was  very  necessary 
with  different  kinds  of  coal.  I  have  to  do  with  coals  all  over 
the  United  States,  running  all  the  way  from  the  lignite,  and 
even  lower  than  that — from  all  kinds  of  poor  refuse-fuel  up  to 
the  best  anthracite  coal.  I  find  that  I  have  to  vary  the  distance 
between  my  heating  surface  and  my  grate  to  accommodate  the  con- 
ditions to  the  fuel  used,  and  I  have  had  ciises  where  boilei's  have 
shown  very  poor  economy  and  have  changed  just  merely  by  that 
single  change.  In  this  case  it  was  raising  the  tubes  higher  from 
the  grate,  and  I  succeeded  in  getting  sphmdid  economy  out  of  the 
boilers  that  had  been  giving  very  poor  service. 

In  my  judgment  the  gas-producer  is  the  coming  thing  for  close 
running.  I  have  succeeded  in  getting  very  g(KKl  n^sults  with  its 
use. 

Mr,  R,  S.  Ilaie,* — In  reply  to  Mr.  Emery,  I  may  state  that  in 
my  paper  I  was  considering  chiefly  the  kind  of  formula  to  use, 
and  not,  except  incidentally,  the  ccmstants. 

Mr.  Emery's  formula  is  of  exactly  the  same  kind  as  Uankine's 

*  Author's  closure,  under  the  Rules. 
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except  for  its  last  term.  This  last  term  in  Emery's  formula 
makes  it,  like  Clark's  and  Carpenter's,  incorrect  at  the  extreme 
lower  limits,  while  if  the  last  term  be  omitted,  only  a  small 
change  is  necessary  in  the  other  constants  to  make  the  formula  fit 
the  experiments  nearly  as  well  as  before.  The  fact  that  Emery's 
empirical  formula,  based  on  probably  the  longest  and  best  series 
of  experiments  yet  made,  agreed  so  closely  with  Eankine's  theo- 
retical formula,  is,  I  think,  one  of  the  strongest  endorsements  of 
the  latter.  When  two  formulae  agree  so  closely  it  is  of  course 
best  to  choose  the  theoretical  one  for  investigation,  since  it  lends 
itself  more  readily  to  discussion  of  the  other  factors  that  affect  the 
economy.  For  instance,  the  discussion  of  the  effect  of  different 
boiler  pressures  on  the  economy  (§  17  of  my  paper),  is  very  easy 
with  Eankine's  form  but  impracticable  with  Emery's. 

In  reply  to  Mr.  Rockwood.  Even  if  the  economizer  costs  more 
here  than  the  boiler,  yet  it  may  pay.  Take  a  boiler  at  160 
pounds  pressure,  or  say  375  degrees  temperature  of  the  steam.  If 
the  gases  leave  at  500  degrees,  then  the  temperature  difference 
where  the  gases  leave  the  boiler  is  125  degrees.  The  water  in  the 
economizer  is,  however,  we  will  say,  200  degrees,  and  the  tempera- 
ture difference  there  is  300  degrees.  Then  even  if  the  flow  of 
heat  were  proportional  to  the  difference  of  temperature  only,  the 
economizer  heating  surface  would  be  f  J^  =  2.4  times  as  efficient 
as  the  last  part  of  the  boiler  heating  surface.  Blechynden's  and 
Wiebe's  experiments,  however,  indicate  that  the  flow  of  heat  is 
proportional  to  the  square  of  the  temperature  difference,  in  which 
case  the  economizer  surface  is  5.8  times  more  efficient  than  the 
boiler  surface.  Besides,  is  not  Mr.  Rockwood  exaggerating  a  little 
when  he  says  we  can  buy  boiler  heating  surface  for  one-half  what 
we  pay  for  economizer  heating  surface  of  the  same  quality  ? 

I  fully  agree  with  Mr.  Kent  that  the  results  of  actu^  tests,  if 
you  only  consider  the  efficiency  and  the  evaporation  per  square 
foot  of  heating  surface,  would  be  found  enclosed  in  a  certain  area 
and  not  along  a  line.  I  think  the  reason  for  that  is  that  the  air 
supply  and  the  efficiency  of  combustion  are  different  in  these 
tests.  He  says  that  we  cannot  measure  the  air  supply.  We  can- 
not measure  it  exactly,  but  we  can  measure  it  pretty  closely,  and 
I  do  not  think  it  is  fair  to  say  that  there  is  not  any  law  until  we 
have  measured  the  air  supply,  and  found  out  whether  that  is  not 
the  reason  why  these  tests  vary  so  much  on  one  side  or  other  of 
the  line. 
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This  same  answer  applies  to  Messrs.  Pearson's,  Willis',  and 
Cary's  discussions.  As  I  showed  in  sections  13  and  22,  a  small 
change  in  the  air  supply  per  pound  of  coal  has  a  large  effect  on 
the  economy,  and  really  it  is  more  incorrect  to  compare  two 
boiler  tests,  without  knowing  the  air  supply  per  pound  of  coal, 
than  it  is  to  compare  them  without  knowing  the  rate  of  evapora- 
tion per  square  foot  of  heating  surface.  If  we  don't  measure  the 
Air  supply  we  can  only  compare  the  averages  of  a  large  number 
of  tests*  If  we  do  that  we  should  get  Eankine's  formula.  Fig. 
160,  which  I  take  from  Mr.  Goer's  paper  m  Power,  of  February, 
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1897,  shows  the  average  of  a  large  number  of  tests  from  Mr. 
Barrus's  book  on  "Boiler  Tests."  The  abscissas,  on  a  scale  of 
B.  T.  U.  per  square  foot  per  minute,  are,  of  course,  proportional  to 
the  pounds  evaporation  per  square  foot  per  hour,  as  before,  and 
these  crosses,  showing  the  average  results,  fall  very  close  to  the 
straight  line.  The  extent  to  which  the  air  supply,  or  something 
else,  caused  the  individual  tests  that  make  up  these  averages  to 
vary,  may  be  seen  on  comparing  Fig.  124  in  the  body  of  the 
paper,  which  shows  the  same  tests  separately.  Mr.  Geer's  curve 
is  another  proof,  if  one  were  needed,  that  Rankine's  form  of 
<5urve  represents  the  average  results  as  closely  as  any  yet  sug- 
gested, besides  being  theoretically  correct.* 

*  G^r'B  carve  and  mine  will  be  found  to  differ  because  Geer^s  includes  also  the 
tests  on  bitaminous  coal,  and  partly  because  mj  curve  is  drawn  not  through  the 
average  of  the  tests,  but  so  as  to  omit  the  worst  tests. 
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I  may  add  that  since  writing  the  paper  my  attention  has  been 
called  to  Bleohynden's  paper  (Inst.  Nav.  Arch.,  1894)  and  Wiebe 
and  Schwerhus'  paper  {Zeit.  fur  Inatr,  Kvmde^  July  and  August, 
1896),  both  of  which  give  experiments  showing  that  the  transfer 
of  heat  between  gas  and  water  through  a  metal  plate  is  propor- 
tional to  the  square  of  the  temperature  difference,  as  was  assumed 
by  Bankine  and  which  is  the  basis  of  his  formula. 
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''EFFICIENCY  OF  THE  BOILER   ORATED 

BY  WM.  WALLACE  CHRI8TIB,  NEW  YORK  CITT. 

(Member  of  the  Society.) 

Haying  bad  considerable  designing  pertaining  to  steam 
boilers,  settings,  and  chimneys  and  flues,  and  using  the  known 
formulas,  of  course  with  allowances,  I  became  deeply  inter- 
ested in  the  subject  of  relative  size  of  grates  to  chimneys,  the 
conditions  attaching  to  anthracite  and  bituminous  coal,  the 
capacity  of  the  grate,  horse-power  of  boilers,  etc.,  and  felt  the 
need  of  more  definite  information  regarding  them. 

I  collected  the  following  data  from  108  boiler  tests,  paying 
particular  attention  to  the  pounds  of  coal  burned  per  square 
foot  of  grate  at  which  the  greatest  quantity  of  water  is  evapo- 
rated. 

These  tests  were  all  that  I  could  obtain  from  various  sources, 
and  as  far  as  can  be  ascertained  are  reasonably  authentic. 

In  fact,  the  averages  probably  represent  present  practice 
fairly,  and  are,  from  both  economy  and  capacity,  tests  made  by 
the  author  and  others. 

The  plate  (Figs.  128  and  129)  is  the  plotting  of  the  pounds  of 
coal  burned  per  square  foot  of  grate  per  hour  as  abscissae  in  the 
upper  and  lower  diagrams ;  the  pounds  of  coal  per  developed 
horse-power  per  hour  as  ordinates  in  the  upper  diagram,  and 
the  pounds  of  combustible  per  developed  horse-power  per  hour 
as  ordinates  in  the  lower  diagram. 

The  mean  lines  drawn  through  the  points  in  each  diagram 
incline  from  each  end  of  diagram  to  13  pounds  of  coal  burned 
per  square  foot  of  grate,  indicating  it  to  be  the  most  econom- 
ical rate  of  combustion. 


♦  Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  formiog  part  of  Volume  XVIII.  of  the 
Tranmctiona. 
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From  the  tables  we  have  the  following  averages : 

Pounds  of  coal  per  horee-power  developed  per  hour 3.64 

*'      **  combustible  per  horse-power  developed  per  hour. .     3.04 
**      '*  coal  burned  per  sqnare  foot  of  grate  per  hour 18.16 

Professor  Kankine  says :  "  The  rate  of  combustion  in  factory 
boilers  is  12  to  16  pounds  of  coal  to  the  square  foot  of  grate." 

Dr.  Thurston  says  in  boiler  trials :  "  In  land  boilers  it  is 
customary  to  keep  the  rate  of  combustion  per  square  foot  of 
grate  down  to  about  eight  pounds  per  hour,  although  it  fre- 
quently rises  to  10  or  12  pounds."" 

The  preceding  diagram  shows  that  13  pounds  of  coal  burned 
per  square  foot  of  grate  per  hour  of  either  anthracite  or  bitu- 
minous coal  gives  the  greatest  economy  in  evaporation. 

The  greatest  amount  of  anthracite  coal  found  to  have  been 
burned  per  square  foot  of  grate  per  hour  was  33.70  pounds ;  the 
least,  4.70  pounds. 

The  greatest  amount  of  bituminous  coal  found  to  have  been 
burned  per  square  foot  of  grate  per  hour  was  67  pounds ;  the 
least,  6  70  pounds. 

Land  stationary  boilers  are  the  only  ones  considered  in  the 
paper. 

The  pounds  of  combustible  per  horse-power  per  hour  wa» 
noted  especially  because  of  its  giving  a  fairer  way  of  comparing 
the  economy  of  different  boilers,  and  is,  I  believe,  in  accordance 
with  the  views  of  Dr.  Emery. 

It  will  be  readily  seen  from  the  chart  and  averages  that  less 
than  4  pounds  of  coal  in  the  most  of  cases  is  that  which  is 
required  to  be  burned  per  hour  to  produce  one  horse-power ; 
and  as  13  pounds  of  coal  burned  per  square  foot  of  grate  is  a 
most  economical  rate  of  combustion,  13  divided  by  4,  or  3.25 
horse-power  per  square  foot  of  grate  per  hour,  is  economically 
attainable. 

The  above  is  for  anthracite  coal.  For  bituminous  coal,  as 
23.8  pounds  burned  per  square  foot  of  grate  is  an  economical 
rate  of  combustion,  23.8  divided  by  4,  or  5.95  horse-power  per 
square  foot  of  grate  per  hour,  is  economically  attainable. 

The  average  of  13  and  23.8  is  18.4,  which  is  very  near  18.16, 
the  average  of  all  the  108  tests. 

It  certainly  is  understood  that  the  above  figures  may  have 
need  of  variance  for  special  coals  or  conditions,  and  are  only 
intended  to  give  averages. 
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Tlie  23.8  is  a  derived  constant  obtained  by  multiplying  13  x 
1.83  (a  coefficient  subsequently  deduced),  and  1.83  agrees  with 
Mr.  Harris'  rule  for  grate  arfea  for  bituminous  coal  burned  with 
natural  draft,  and  by  reference  to  the  diagram  it  can  easily  be 
seen  that  it  is  a  very  economical  rate  of  combustion  (23.8)  for 
bituminous  coaL 

chimneys. 

In  accordance  with  the  following  rules  deduced  from  the 
following  notes  regarding  boilers  and  chimneys,  which  gave 
very  good  results,  the  writer  has  calculated  full  tables  for  grate 
surface  for  both  anthracite  and  bituminous  coal,  coal  to  be 
burned  per  hour,  and  horse-power  of  chimneys. 

A  horse-power  is  understood  throughout  this  paper  to  be  the 
A.  S.  M.  E.  standard  of  34^  pounds  of  water  evaporated  per 
hour  from  and  at  212  degrees  Fahr. 
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By  assuming  that 

coefficient  x  A^fH^  coal  per  hour  in  pounds, 
then  coefficient  x  A  "s/H  =  G  x  coal  per  sq.  ft.  of  grate  per  hour. 
We  then  see,  from  the  following  tables,  that  for  anthracite  coal 
the  coefficient  equals  the  coal  burned  per  square  foot  of  grate, 
and  that  for  bituminous  coal  the  coefficient  equals  the  coal 
burned  per  square  foot  of  grate  divided  by  1.83. 
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From  the  above  we  have  the  following  empirical  rules  : 

Grate  area  = -4.  V-ff  for  anthracite  coal (1) 

"     =  4  VS  -^  1.83  for  bitnminous  coaL   .     .  (2) 

Pounds  of  coal  burned  per  hour  =13  x  G^ (3) 

Horse-power  of  chimney  =  3.25 -4  a/-S (4) 

A  =  area  of  smallest  section  of  flue  in  inches. 
O  =  grate  area  in  square  feet. 
n=  height  of  chimney  in  feet. 
For  a  chimney  with  48-inch  diameter  or  43-inch  square  flue 
by  100  feet  high,  we  should  have  by  the  above  rules  the  follow- 
ing: 
Grate  area  for  anthracite  coal,  126  square  feet. 

"        "      "   bituminous  coal,  69      " 
Pounds  of  coal  burned  per  hour  under  boilers,  1,638  pounds. 
Horse-power  of  boilers  for  chimney,  410. 
Kent's  table  gives  348  horse-power  of  boilers  for  the  same 
chimney,  while  he  gives  no  way  of  getting  at  the  size  of  grate  to 
be  used  in  connection  with  a  certain  size  chimney. 

The  results  obtained  by  using  the  above  tables  agree  fairly 
well  with  the  latest  American  practice  and  with  English  practice 
as  well. 

The  writer  does  not  touch  the  question  of  relation  of  flue  area 
to  height  of  the  chimney  to  give  the  best  results  for  different 
coals,  as  he  has  already  trespassed  beyond  the  ground  of 
"  Economy  of  the  Grate,"  and  hopes  that  others  who  have  had 
a  larger  experience  will  give  the  facts  in  their  possession 
regarding  the  actual  working  of  chimneys  and  grates  in  dis- 
cussing the  subject. 
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DISCUSSION. 

Mr.  Ralph  E.  Curtis. — ^I  think  the  title  of  this  paper  is  a  little 
misleading,  because  any  determination  of  the  efficiency  of  a 
grate  which  makes  the  evaporation  a  standard  is  liable  to  a 
certain  amount  of  error  by  the  creeping  in  of  factors  which  are 
independent  of  the  extent  and  nature  of  the  grate  surface*  The 
writer  has  said  that  in  the  matter  of  coal  he  has  only  intended 
to  give  average  conditions ;  but  there  are  other  variables  com- 
ing in,  in  the  form  and  arrangement  of  the  furnace,  and  particu- 
larly in  the  heating  surface,  and  with  the  desire,  in  the  limited 
time  which  I  have  had  since  reading  this  paper,  to  see  what  effect 
one  of  those  factors  would  have,  I  have  plotted  some  tests  from 
Mr.  Barrus's  book  on  "  Boiler  Tests  "  with  particular  reference  to 
the  matter  of  heating  surface.  I  have  plotted  two  sheets — one, 
the  result  of  tests  having  bituminous  coal,  and  the  other,  tests 
having  anthracite  coal,  and  have  kept  separate  each  group  of 
boilers  of  the  same  general  type.  I  have  taken  only  such  tests 
as  seemed  to  be  fairly  free  from  unusual  conditions.  I  might  say 
that  the  horizontal  tubular  boilers,  boilers  of  the  double-deck 
type,  and  boilers  of  the  Babcock  &  Wilcox  general  type,  gave 
practical  agreement,  and  that  may  be  expected,  because 
the  ratio  of  heating  surface  to  grate  surface,  and  the  sub- 
division of  the  heating  surface  is — ^broadly  speaking— compara- 
tively the  same  for  those  types  of  boilers ;  while  with  the  plain 
cylindrical  boilers  an  entirely  different  set  of  conditions  pre- 
vails. In  the  matter  of  anthracite  tests  I  found  that  the  results 
for  all  the  three  types  first  mentioned  would  be  fairly  repre- 
sented on  the  basis  of  coal  per  horse-power  per  hour,  by  a 
straight  line  on  the  3.8  pounds  of  coal  per  horse-power  line  to  a 
point  of  about  16  pounds  of  coal  per  square  foot  of  grate  per 
hour,  then  slightly  rising.  The  line  for  cylindrical  boilers, 
plotting  on  the  same  chart,  starts  considerably  above  the  other 
types  and  rises  much  more  rapidly.  For  instance,  at  six  pounds 
of  coal  per  square  foot  of  grate  there  is  an  evaporation  of  one 
horse-power  for  4.8  pounds  of  coal;  while  at  11  pounds  per 
square  foot  of  grate  it  requires  6  pounds  of  coal  to  evaporate 
the  equivalent  of  a  horse-power.  The  line  for  bituminous  tests 
starts  a  little  lower  than  that  for  anthracite,  and  the  efficiency 
seems  to  dimin^'sh  somewhat  more  rapidly ;  that  is,  the  curve 
rises  gradually  from  near  the  beginning  (most  remarkably  from 
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the  point  of  12  pounds  of  coal  per  square  foot  of  grate),  starting 
from  3.2  pounds  coal  per  horse- power  per  hour,  while  the  only 
tests  which  I  have  on  the  cylindrical  type  show  considerable 
above  four.  Now  I  do  not  claim  that  these  tests  are  numerous 
enough  or  have  been  analyzed  closely  enough  to  give  any  very 
definite  quantitative  results,  but  they  do  seem  to  indicate  to  me 
two  things :  First,  that  under  certain  conditions  of  arrangement 
of  heating  surface,  that  factor  can  introduce  considerable  un- 
certainty into  the  question  of  economy  of  combustion  as  de- 
termined by  this  method ;  and  secondly,  it  would  seem  that 
instead  of  the  maximum  efficiency  (the  greatest  evaporation 
per  pound  of  coal)  occurring,  as  the  author  has  stated,  at  a 
point  of  about  13  pounds  for  anthracite  coal  and  23  for  bitumi- 
nous, that  a  diflferent  condition  prevails ;  that  is,  up  to  say  20 
pounds  the  evaporation  per  pound  of  anthracite  coal  would  seem 
to  be  fairly  constant,  while  on  bituminous  coal  the  evaporation 
is  slightly  greater  per  pound  of  coal  at  the  lower  rates  of  com- 
bustion, but  falls  off  more  rapidly,  crossing  the  anthracite  line  at 
a  point  somewhere  between  15  and  25  pounds.  In  this  connection 
I  would  like  to  say  that  I  do  not  entirely  understand  Mr. 
Christie's  method  of  drawing  his  mean  line,  especially  on  the 
laft-hand  half  of  his  diagram — what  he  calls  his  mean  line 
being  almost  a  minimum  line  and  not  a  mean  at  all.  I  submit 
whether  a  fairer  average  of  those  tests  would  not  have  been  ob- 
tained by  a  straight  line  on  the  coal  diagram,  on  about  the  3.6 
pounds  line  to  about  25  pounds,  then  slightly  rising ;  and  on 
the  combustible  diagram,  on  the  straight  line  of  3  pounds  to 
about  20  pounds,  then  slightly  rising. 

It  seems  that,  separating  the  bituminous  from  the  anthracite 
tests^  as  shown  by  the  two  sets  I  have  plotted,  the  bituminous 
curve  is  lower  at  the  left-hand  sidj  and  crosses  the  anthracite 
curve.  This  points  out  to  me  only  the  desirability  of  having  a 
larger  range  of  tests  and  more  specialized  observation  before 
we  undertake  to  lay  down  rules  for  determining  the  proportions 
of  grate  surface  or  the  data  of  combustion  from  such  tests  as 
these.  I  might  incidentally  say  that  I  have  been  reminded,  in 
looking  around  for  some  tests  to  use  in  connection  with  those  in 
Mr.  Barrus's  book,  of  how  carefully  one  should  watch  the  tests  he 
is  taking.  In  case  of  certain  tests  I  had  supposed  perfectly  re- 
liable I  found  that  in  figuring  the  coal  per  horse-power  per 
hour  I  was  getting  remarkably  low  results,  by  figuring  from  the 
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coal  per  hour  divided  by  the  horse-power ;  but  by  figuring  it 
the  other  way,  dividing  34^  pounds  of  water  per  horse-power 
by  the  water  per  pound  of  coal,  I  found  that  I  got  something 
quite  different ;  and  so  it  seems  it  is  necessary  if  one  would  be 
sure  of  what  he  was  plotting  to  go  quite  a  little  way  into  the 
tests  as  they  are  sometimes  published. 

Mr.  William  Kent. — This  paper  of  Mr.  Christie's  is  a  very  com- 
mendable eflfort  on  his  part  to  discover  the  laws  which  govern 
boiler  economy,  even  though  I  have  to  criticise  it  adversely. 
Beginning  with  the  name — "  EflBciency  of  the  Boiler  Grate  " — 
in  a  literary  sense  the  name  may  be  all  right,  but  in  a  technical, 
engineering  sense,  the  grate  has  no  efficiency.  It  is  not  a 
machine  for  doing  work,  and  we  cannot  say  that  its  efficiency 
is  the  quotient  of  the  work  got  out  of  it  by  the  work  put  in,  so 
the  title  is  somewhat  of  a  misnomer.  A  proper  title  would  be 
**  The  relation  of  the  rate  of  combustion  per  square  foot  of  grate 
to  the  economy  of  the  boiler " ;  as  that  is  what  the  paper  is 
about 

He  has  collected  data  from  108  boiler  tests.  Going  over  the  . 
tabic  I  notice  that  the  column,  "  Water  evaporated  per  pound 
of  combustible  from  and  at  212  degrees,"  and  the  column  headed 
"  Pounds  combustible  per  horse-power  per  hour,"  do  not  agree 
with  each  other  arithmetically  in  about  half  of  the  cases  That 
is,  there  is  an  arithmetical  error  in  calculating  the  figures  in  one 
or  the  other  of  these  two  columns.  The  prodnct  of  the  pounds 
of  coal  per  horse-power  per  hour  and  the  water  evaporated  per 
pound  of  combustible  in  about  half  the  cases  is  34i,  as  it  should 
be.  In  other  cases  the  product  seems  to  be  30.  It  is  a  mathe- 
matical fact  that  the  figures  in  the  column  "Pounds  of  combus- 
tible per  horse-power  per  hour  "  should  be  exactly  equal  to  34i 
divided  by  the  figures  in  this  other  column — "  Water  evaporated 
per  pound  of  combustible  " — provided  we  agree  that  the  boiler 
horse-power  is  34V  pounds,  which  Mr.  Christie  himself  has 
assumed.  So  the  first  trouble  with  his  plotting  is  that  he  did 
not  get  correct  figures  to  plot  from.  That  is  probably  not  his 
own  mistake,  but  occurred  by  taking  the  figures  from  the 
reports  of  boiler  tests,  without  verifying  them. 

The  next  trouble  is,  that  in  taking  the  108  boiler  tests  he  has 
apparently  given  full  credence  to  all  the  tests  that  he  has 
taken.  If  we  go  into  the  literature  of  boiler  tests,  the  chances 
are  that  the  results  found  on  an  average  will  be  a  little  more 


374  "efficiency  of  the  boiler  grate/' 

favorable  than  the  average  resnlts  obtained  in  practice,  for  the 
reason  that  many  published  tests  are  made  of  boilers  built  to 
fulfil  guarantees,  where  the  conditions  are  favorable  to  good 
economy ;  and  if,  accidentally,  a  bad  result  was  obtained,  that 
result  was  not  published.  So  the  chances  are  that  of  all  the 
tests  made,  a  larger  proportion  of  the  good  results  would  be 
published  than  of  the  bad  results.  In  some  cases,  however, 
this  is  not  the  fact  For  instance,  in  Mr.  Barrus's  book  on 
*•  Boiler  Tests  "  I  believe  he  has  published  all  the  tests  ;  good, 
bad,  and  indifferent.  But  we  have  to  be  very  careful  in  accept- 
ing the  results  from  other  sources,  because  they  may  be 
selected  results.  They  may  be  perfectly  correct,  but  the  bad 
ones  may  have  been  left  out.  That  is  one  objection  to  drawing 
conclusions  from  these  108  boiler  tests.  Another  objection  is 
that  there  are  certain  tests  on  this  list  of  108  which  any  one 
acquainted  with  the  conditions  governing  boiler  economy  should 
have  rejected'  as  being  highly  improbable,  if  not  impossible. 
When  we  see  a  report  of  a  test  of  anthracite  coal  giving  12^ 
pounds  of  water  per  pound  of  combustible,  we  should  reject 
that  test  as  'incredible.  If  we  should  find  one  over  12.2,  we 
should  mark  it  as  doubtful  Anything  over  that  is  more  than 
doubtful.  Anything  over  12^  is  simply  incredible.  When  we 
come  to  bituminous  coal,  I  should  think  anything  over  say  13^ 
pounds  ought  to  be  rejected,  and  if  we  get  13  pounds  and  a 
small  fraction,  we  will  say,  "Well,  if  the  conditions  were 
extremely  favorable  it  is  possible  it  might  be  obtained,"  which 
would  hold  in  the  case  of  one  of  Mr.  Dean's  recent  tests  at  Bos- 
ton, which  has  been  published,  and  which  I  consider  to  be  about 
high-water  mark.  Here  is  an  instance  :  the  figure  13.96  for 
Summer  Hill  slack.  I  do  not  know  what  Summer  Hill  slack 
is,  but  if  the  report  of  the  boiler  test  is  correct,  it  must  be 
something  better  than  Pocahontas.  So  that  result  should  have 
been  rejected. 

Then  again,  in  plotting  results,  when  we  discover  that  some  of 
the  results  of  the  economy  are  due  to  abnormal  conditions,  such 
as  would  be  likely  to  make  the  result  of  a  test  out  of  the 
ordinary  range,  such  results  should  be  rejected  from  the  plot- 
ting. If  we  find  that  a  very  low  restdt  is  due  to  extraordinary 
rates  of  evaporation  per  square  foot  of  heating  surface — that  is, 
that  the  boiler  has  been  greatly  overdriven — that  result  should 
not  be  included  in  a  study  of  the  question  of  what  is  the  effect  of 
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the  rate  of  combustion  per  square  foot  of  grate.  It  is  all  right 
to  include  it  in  the  study  of  the  effect  on  economy  of  the  rate  of 
evaporation  of  the  boiler ;  that  is,  the  evaporation  per  square  foot 
of  heating  surface.  So,  making  certain  rejections  from  the  table, 
I  would  reject  the  last  five  of  the  tests  at  the  right  hand  pf  the 
diagram  on  account  of  abnormal  conditions.  If  those  five  tests 
had  been  rejected,  Mr.  Christie  would  not  have  drawn  his  curve 
going  up  so  high  toWard  the  right.  A  still  further  criticism  : 
Supposing  that  all  the  figures  were  correct,  and  supposing  that 
every  test  that  he  plotted  was  plotted  correctly ;  the  next  ques- 
tion is,  how  to  run  the  curve  through  the  diagram.  Well,  the 
curve  should  be  an  average  curve.  It  should  either  have  an 
equal  number  of  points  above  and  below  it,  or  it  should  have  an 
equal  total  sum  of  distances  above  and  below,  or  the  areas 
above  and  below  should  be  equal.  By  neither  one  of  these  cri- 
terions  is  the  curve  given  in  the  paper  justified.  It  rtms  down 
below  the  average— very  far  below — and  his  minimum,  the  13 
pounds,  is  only  got  by  a  distortion  of  the  curve  below  the  point 
where  it  should  be.  So  his  arithmetical  computations  are 
wrong,  his  method  of  drawing  the  curve  is  wrong,  and  it  is  wrong 
to  put  tests  in  that  should  not  have  been  put  in.  So  much  for 
the  destructive  criticism  of  the  paper. 

Now  taking  Mr.  Christie's  data  and  trying  what  we  can  learn 
from  the  data  by  another  system  of  study.  I  have  spent  some 
little  time  trying  to  do  this.  I  avoided  the  arithmetical  error 
by  simply  plotting,  not  the  pounds  of  combustible  per  horse- 
power per  hour,  but  by  plotting  the  other  variable  which 
should  correspond  exactly  with  it,  viz.,  the  water  evaporated 
per  pound  of  combustible  from  and  at  212  degrees;  using  as 
abscissas  the  rate  of  combustion  as  Mr.  Christie  does,  and  using 
for  the  ordinates  the  water  evaporated  per  pound  of  combus- 
tible from  and  at  212  degrees,  separating  into  two  parts  the  an- 
thracite and  the  bituminous  coals.  Then  instead  of  trying  to 
judge  where  I  should  draw  the  curve,  I  formed  this  judgment 
on  it :  That  if  there  is  a  law  it  will  be  found  by  dividing  this 
whole  range  into  certain  portions,  taking  the  averages  of  each 
of  these  portions  and  then  making  a  curve  or  plotted  diagram 
through  these  averages.  I  think  this  is  a  perfectly  legitimate 
way  of  trying  to  draw  conclusions  from  such  data.  The  final 
result  I  obtained  from  this  study  is  shown  in  the  accompanying 
table. 
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Rblatton  op  Rate  op  Combustion  to  Economy. 


Rate  of  Combustton. 

Coal  burned  per  hour  per  eq.  ft. 

of  grate. 


Range. 


4.71  to  7.3 
8.51  to  11.66 
12.08  to  13.87 
14.26  to  17.70 
18.07  to  21.50 
22.30  to  29.47 
30.20  to  35.40 
40.00  to  46.40 


Ratb  op  Evaporization. 

Lbs.  from  and  at  212  degrees  per  lb. 

combaetible. 


Amtbraoite. 


Lbs. 
Arerage. 


No.  of 
Teste. 


Lbs. 


6.52 

4 

10.22 

9 

13.00  » 

3 

19.75" 

9 

20.13' 

8 

25.87* 

5 

82.60.* 

4 

41.48  •  I 


11.32 
10.30 
11.26 
11.23 
11.23 
11.05 
.11.311 
•11.69 


Bituminous 
AND  Semi-Bit. 


No.  of  I 
Tests.  ' 


Lbs. 


11.83 
10.76 
11.17 
11.03 
11.25 
11.10 
11.22 
10.70 


All  Coals. 


No.  of 
Teste. 


9 
16 
11 
16 
17 
18 
9 
4 


Lbs. 


11.61 
10.50 
11.20 
11.18 
11.24 
11.08 
11.26 
10.95 


Reiecting  No.  89,  18.82  lbs.:  No.  82,  13.22  lbs.:  both  anthracite. 
'  Rejecting  No.  2, 12.47  Ibe.;  No.  12,  12.88  lbs.;  No.  11, 18.40  lbs.;  all  anthracite. 


>  Reiecting  No.  8,  12.76  lbs.,  anthracite. 

*  Rejecting  No.  108, 18.96  lbs.,  bitnmiDons. 

*  Rejecting  No.  74,  7.^i  lbs.,  bitnminons;  No. 
anthracite. 

«  Rejecting  No.  68,  6..38  lbs.;  No.  65,  7.76  lbs.;  No.  66,  7.44  lbs.;  bitnminons. 


12.2:^  lbs.,  anthracite  ;  No.  64,  6.29  Ibs.^ 


This  means  that  the  economy,  as  far  as  it  is  shown  by  these 
108  boiler  tests,  rejecting  thirteen  of  them,  is  entirely  indepen- 
dent of  the  rate  of  combustion  per  square  foot  of  grate  surface, 
and  the  curve,  expressing  the  relation  of  the  rate  of  combustion 
to  economy,  should  be  a  horizontal  straight  line.  That  gen- 
eralization is  nothing  new  to  me.  I  published  a  few  months 
ago  {Engineering  NewSj  September  24,  1896)  a  study  of  Prof. 
W.  F.  M.  Goss's  work  at  Purdue  University  on  locomotives,  and 
showed  that  if  we  could  eliminate  the  loss  due  to  throwing  coal 
out  of  the  stack,  and  if  we  could  proportion  the  grate  surface  to 
the  heating  surface  so  as  to  burn  the  same  amount  of  coal  per 
hour  in  each  case,  the  efficiency  is  entirely  independent  of  the 
rate  of  combustion  within  the  limits  of  60  pounds  per  square 
foot  of  grate  per  hour  and  240.  Here  in  Mr.  Christie's  paper 
are  ranges  from  5  pounds  to  45  pounds,  and  from  it  we  find  that 
the  economy  of  the  boiler  is  independent  of  the  rate  of  com- 
bustion within  this  limit 

There  is  a  belief  among  many  engineers  in  the  West  that 
with  bituminous  coal  the  way  to  get  economy  out  of  a  boiler 
is  to  cut  down  the  grate  surface  as  far  as  possible  and  burn 
the  coal  at  the  most  intense  rate  possible,  so  that  the  same 
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amount  of  coal  per  hour  is  burned  as  would  have  been  burned 
on  the  larger  grate  at  the  lower  rate  ;  the  theoretical  reason 
being  that  combustion  is  thus  obtained  with  a  smaller  excess  of 
air  and  therefore  less  heat  is  taken  out  at  the  chimney.  So 
much  for  the  grate  surface  part  of  the  paper. 

As  the  author  has  referred  to  my  table  on  chimneys  {Tram- 
adionSy  voL  iv.,  p.  81),  I  will  have  to  say  something  about  that. 
It  is  perhaps  unfortunate  that  in  my  publication  of  a  chimney 
table  some  twelve  years  ago  I  did  not  make  it  clear  just  how  I 
derived  the  coefficient  in  the  formtda.  In  the  paper  I  said  it 
had  been  found  that  a  chimney  80  feet  in  height  and  42  inches 
diameter,  was  sufficient  to  cause  a  rate  of  combustion  of  120 
pounds  of  coal  per  hour  per  square  foot  of  area  of  chimney,  and 
that  brief  statement  was  practically  all  that  was  said  about  the 
basis  of  the  derivation  of  the  coefficient.  The  formula  has 
recently  been  criticised  in  Power  as  derived  from  only  a  single 
case.  Well,  in  the  statement  I  made  in  the  Transactions  it  may 
look  so,  and  it  should  have  been  explained  in  greater  detail  in 
the  original  paper.  I  will  now  try  to  put  myself  straight  on  the 
record  by  saying  that  the  formula  and  the  coefficient  were  arrived 
at  after  a  long  stu^y,  by  plotting  a  great  number  of  formulae, 
and  putting  in  the  plotting  all  the  practical  data  I  could  get 
about  chimneys,  whether  they  came  from  the  formulae  or  not, 
and  especially  plotting  the  practice  of  the  Babcock  &  Wilcox 
Company,  developed  through  many  years  of  practice. 

After  all  this  plotting,  the  reason  I  selected  this  particular 
basis  for  the  derivation  of  the  coefficient — ^viz.,  that  an  80-foot  by 
42-inch  chimney  would  burn  120  pounds  of  coal  per  square  foot 
area  of  chimney  per  hour — was  that  there  seemed  to  be  a  general 
correspondence  of  all  the  data  at  that  size  of  chimney  and  at  no 
other.  If  I  had  attempted  to  base  the  coefficient  on  data 
obtained  from  formulse  or  from  practice  with  chimneys  of  either 
smaller  or  larger  size,  the  results  obtained  from  such  data 
would  have  been  too  discordant.  But  around  that  size  I  found 
nearly  all  the  data  agreed,  and  from  that  fact  I  derived  the 
statement  that  a  chimney  80  feet  by  42  inches  is  good  for  231 
horse-power,  and  thereupon  proceeded  to  obtain  the  coefficient 
of  the  formula.  So  my  formula  is  based  on  a  very  much  larger 
set  of  observations  and  data  and  study  than  would  appear  from 
the  paper  itself. 

Now,  Mr.  Christie  in  discussing  the  subject  of  chimneys  does 
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not  state  his  whole  reasoning,  so  I  do  not  know  how  he  derived 
his  table,  except  it  is  from  this  small  table  of  data  which  he 
gives.  If  it  is  derived  from  that  table,  then  the  data  are  too 
few  to  derive  any  conclusions  from.  But  he  apparently  assumes 
that  the  chimney  horse-power  should  be  a  coefficient  into  the 
area  into  the  square  root  of  the  height.  That  is  a  perfectly 
true  formula  provided  you  assume  that  the  coefficient  is  not  a 
constant  but  a  variable.  That  formula  for  chimneys — a  coeffi- 
cient into  the  area  into  the  square  root  of  the  height — would 
mean  that  the  horse-power  of  a  chimney  is  directly  proportioned 
to  the  area.  By  analogy  we  know  that  that  is  true  for  no  kind 
of  fluid  or  liquid  whatever.  For  water,  and  air,  and  steam, 
the  flow  is  approximately  equal  to  the  square  root  of  the  fifth 
power  of  the  diameter  and  not  to  the  area,  and  the  particular 
form  in  which  I  have  got  my  formula,  in  which  the  coefficient  is 
variable,  depending  on  the  diameter,  was  obtained  by  an  arbi- 
trary assumption  of  a  condition  which  would  make  the  formula 
fit  the  average  curve  obtained  from  the  data.  Certainly  the 
plain  parabolic  formula  is  wrong  for  a  chimney  formula ;  that 
is,  a  constant  into  the  area  into  the  sqfuare  root  of  the  height. 
It  should  be  a  variable.  All  the  ancient  formulsd  for  the  flow 
of  water  have  that  peculiarity  of  a  constant  coefficient,  bur 
Kutter  and  Darcy  and  all  the  other  recent  writers  who  have 
made  experiments  have  found  that  that  coefficient  is  a  variable. 
The  author  calculates  the  horse-power  here  of  a  certain  chim- 
ney, the  capacity  being  1,638  pounds  of  coal  per  hour,  and  he 
calls  its  horse-power  as  410 — that  is  just  four  pounds  of  coal  to 
a  horse-power — and  he  says  that  my  table  gives  348  horse- 
power. My  table  does  say  348  horse-power,  but  on  the  top  of 
the  table  it  says  a  horse-power  is  here  taken  as  five  pounds  of 
coal  per  horse-power.  Multiply  348  by  five  pounds,  and  it  gives 
1,740  pounds,  which  I  say  the  chimney  will  carry,  and  Mr. 
Christie  says  1,638—not  so  far  apart  from  my  figure.  So  when 
one  is  writing  of  the  horse-power  of  chimneys,  or  taking  the 
horse-power  from  a  table,  it  is  always  well  to  state  just  what  is 
meant  by  horse-power. 

Mr,  Wm.  Bamet  Le  Fan.— I  would  state  that  in  my  experience 
of  about  400  boiler  tests,  that  we  have  not  advanced  in  results 
beyond  what  was  accomplished  twenty  years  ago.  Going  back 
to  the  trials  of  boilers  at  the  Centennial  Exposition  in  1876.  we 
will  find  that  the  average  coal  consumption  per  square  foot  of 
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grate  on  the  capacity  tests  was  fifteen  (15)  pounds,  and  on  the 
economy  tests  was  eleven  (11)  pounds. 

Quite  a  number  of  papers  have  been  read  before  this  Society 
on  chimney  draft  and  their  horse-power.  Mr.  Wm.  Kent's 
tables  on  chimney  dimensions  are  no  doubt  the  best,  but  they 
are  short  of  the  capacity  which  a  chimney  will  develop.  A 
chimney  which,  according  to  his  formula,  should  only  be  suflB- 
cient  for  four  hundred  (400)  horse-power,  will,  as  I  have 
demonstrated,  suffice  for  a  thousand  (1,000)  horse-power  boiler, 
and  it  is  proposed  to  add  five  hundred  horse-power  additional. 
The  fact  is  we  are  as  much  in  the  dark  in  regard  to  chimneys  as 
we  are  in  regard  to  the  physical  constitution  of  heat,  light,  and 
electricity.  To  illustrate  :  I  made  a  test  of  a  boiler  some  time 
ago,  and  the  evaporation  per  pound  of  combustible  was  eleven 
(11)  pounds  of  water  per  pound  of  combustible.  On  the  follow- 
ing day  the  test  was  repeated ;  it  was  raining  hard,  and  the 
evaporation  was  twelve  (12)  pounds  of  water  per  pound  of  com- 
bustible, using  the  same  coal  and  fired  by  the  same  man — in  fact, 
everything  was  the  same.  I  am  less  satisfied  with  what  I  know 
about  chimneys.  Atmospheric  influences  make  a  difference  of 
five  (5)  to  eight  (8)  per  cent. 

Prof.  i?.  H,  Thurston, — Mr.  Christie  has,  I  think,  gathered 
together  a  large  amount  of  valuable  data,  and  their  analysis  will 
perhaps  be  found  a  task  worthy  of  the  time  and  thought,  not 
only  of  the  writer  of  the  paper,  but  of  every  engineer  engnged 
in  this  department  of  engineering  practice.  The  plotted  data 
show,  as  it  seems  to  me,  a  very  evident  and,  on  the  whole,  con- 
stant increase  in  the  cost  of  the  horse-power  with  increasing 
intensities  of  draft  and  rates  of  combustion.  It  does  not  appear 
to  me  that  we  can  assign  a  minimum  at  13  pounds,  or  at  any 
other  figure,  although  the  falling  off  of  efficiency  is  certainly  not 
as  marked  at  the  lowest  as  at  the  highest  rates  of  combustion. 
Scanning  the  plate,  a  minimum  seems  to  exist  at  about  16 
or  18  pounds — ^that  is  to  say,  at  figures  above  which  firemen 
are  not  accustomed  to  handle  fires,  and  then  a  maximum  at 
about  12,  and  then  the  costs  of  the  horse-power  fall  off  to  7 
or  8  pounds,  the  lower  limit  of  usual  practice ;  and  they  finally 
rise  again  slightly  at  the  lowest  figures  plotted. 

I  think,  however,  that  to  make  the  work  thoroughly  complete, 
the  two  classes  of  coal  should  be  discussed  separately,  and  thus 
the  complication  which  now  arises  from  the  interpolation  of  the 
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data  for  one  fuel,  which  naturally  burns  at  considerably  higher 
rates  than  the  other,  into  the  table  exhibiting  the  latter,  would 
be  avoided. 

Still  more  complete  results  would  be  obtainable  from  the 
study  of  these  data  were  the  boiler  trials  here  recorded  distin- 
guishable into  two  classes.  It  is  customary  to  report,  in  the 
trial  of  steam  boilers,  under  the  guarantee  clauses  of  contracts, 
first,  upon  the  economy ;  secondly,  upon  the  capacity.  In  the 
first  case,  the  trial  is  made  at  a  moderate  rate  of  combustion ; 
in  the  second,  at  a  rate  which  is  expected  to  develop  the  maxi- 
mum power  of  the  boiler,  irrespective  of  the  economy  attained. 
The  first  is  expected  to  represent  the  conditions  of  normal  and 
efficient  operation  of  the  boiler ;  the  second,  to  show  what  can 
be  done  if  it  is  required  to  drive  it  in  an  emergency,  and  when 
cost  of  fuel  is  a  secondary  matter. 

I  have  gone  over  the  figures  in  a  first  and  rough  approxima- 
tion to  such  a  classification,  and  I  get  the  following  results, 
assuming  that  economy  trials  may  be  taken  as  those  made  with 
a  lower  rate  of  combustion  than  20  pounds  for  anthracite,  and 
than  30  pounds  for  bituminous  coals.  The  following  are  the 
figures : 

For  anthracite  trials,  the  average  rate  of  combustion  in 
economy  trials  is  12.62.  The  presumption  is,  I  presume,  a  fair 
one,  that  this  average  represents  what  the  skilled  fireman  and 
the  expert  manager  of  such  trials  has  found  to  be  the  best  rate 
for  the  production  of  high  efficiency  combined  with  that  mini- 
mum of  power  developed  which  best  suits  the  market.  To 
this  extent  Mr.  Christie's  deduction  is,  as  it  seems  to  me,  con- 
firmed. The  average  of  the  capacity  trials  is  26  pounds  of  fuel 
per  square  foot  of  grate.  The  very  best  work  usually  is  done 
by  Pocahontas  and  Cumberland  coals,  but  these  are  exceptional 
results  which  can  hardly  be  taken  as  giving  correct  points  on 
the  mean  line  of  the  diagram.  That  line  should  rise  considera- 
bly above  the  minimum  thus  indicated.  The  bituminous  qoals, 
taken  by  themselves,  give,  for  the  average  of  the  economy  trials, 
13.23  pounds,  and  for  the  capacity  trials,  35.44  pounds  of  fuel 
per  square  foot  of  grate  per  hour. 

I  think  it  has  been  the  opinion  among  experts  generally 
that  it  is  possible  to  burn  fuel  too  slowly  for  economy;  but 
these  figures  do  not  indicate  such  to  be  the  fact,  though  there 
is  certainly  no  noticeable  gain  in  reducing  the  rate  of  combus- 
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tion  below  abont  8  pounds.  It  is  osoallj,  I  think,  assumed 
that  the  rate  of  combustion  of  bituminous  coals  should  be 
higher  than  that  of  the  anthracites.  This  comparison  does  not 
seem  to  confirm  that  conclusion.  The  difference  in  the  economy 
trials,  assuming  the  classification  to  be  right,  is  precisely  5  per 
cent  as  between  the  two  classes,  while  the  capacity  trials  give 
a  ratio  of  li  to  1  on  the  side  of  the  bituminous  fuels.  The 
maximum  rates  of  combustion,  usually  about  30  for  the  anthra- 
cites and  40  for  the  bituminous  coals,  and  in  the  highest  single 
cases,  45.4  (No.  93)  and  67.2  (No.  66),  are,  respectively,  one-third 
higher  and  nearly  one-half  higher  for  the  bituminous  coals  than 
for  the  anthracite^. 

The  cases  of  exceptionally  good  performance  seem  to  be  as 
often  with  the  one  as  with  the  other  class  of  coals,  although,  of 
course,  there  are  no  anthracites  in  the  extreme  upper  part  of 
the  diagram. 

The  most  extensive  collection  of  data  for  anthracite  coals  of 
which  I  have  knowledge  is  that  of  Isherwood,  as  obtained  from 
his  experiments  with  marine  boilers,  both  of  the  water-tube  and 
of  tho  fire-tube  types.  The  tables  will  be  found  at  pp.  702-5, 
in  the  appendix  to  the  last  edition  (1896\  of  my  JIanual  of 
Steam- BoV era.  These  figures  have  been  plotted  by  Professor 
Carpenter,  and  the  curve  thus  obtained  is  seen  on  the  accom- 
panying diagram  *  (Fig.  130).  It  wUl  be  seen  that  the  efficiency 
varies  in  the  inverse  sense  with  the  intensity  of  combustion 
throughout  the  whole  range — as  it  should,  of  courso,  other 
things  equal,  because  of  the  increasing  ratio  of  area  of  heating 
surface  to  the  weight  of  fuel  burned,  in  the  unit  of  time,  with 
decreasing  rates  of  combustion. 

It  is  evident,  also,  that  the  curve  should  become  asymptotic, 
in  the  ideal  case,  to  both  co-ordinate  axes.  It  is  not  unlikely, 
as  I  have  elsewhere  indicated,  a  logarithmic  curve.t  This  was 
shown  by  Havrez  many  years  ago.  The  lines  on  the  diagram 
evidently  fall  too  low  at  the  left,  and  show  too  low  evaporations 
for  the  higher  rates  of  combustion.  The  equations  of  the 
curves,  as  constructed,  are  given  by  the  observer  drawing  these 
lines  as,  for  the  water-tube  boiler  and  for  the  fire-tube  boiler 
respectively : 

y  =  143  —  4.5  v^; 
y  =  3  —  5\/x. 

♦  Power,  1895.  f  Manual,  pp.  221,  227,  ^  98. 
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The  general  result  indicates  a  superiority  of  about  10  per  cent, 
on  the  side  of  the  water-tube  boiler.* 

A  possibly  important  source  of  irregularity  and  uncertainty 
in  the  table  presented  in  this  paper  may  be  found  in  the  fact 
that  the  proportion  of  heating  to  grate  surface  is  unknown 
and  probably  somewhat  variable.  This  may,  perhaps,  account 
for  the  departure  of  some  of  the  observations  from  the  line  of 
means,  so  greatly.     The  true  comparison  lies,  of  course,  between 
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Fig.  180. 

the  area  of  heating  surface  and  weight  of  fuel  burned  per  unit 
of  that  area.  Were  the  data  given  as  pounds  of  fuel  burned  per 
square  foot  of  hecUing  surface,  these  irregularities  would,  to  some 
extent  at  least,  disappear.  In  this  respect  the  Isherwood  data 
have  an  advantage,  being  comparatively  uniform  in  proportion 
of  heating  to  grate  surface. 

For  general  purposes,  I  imagine  the  expression  proposed  by 
Baukine  will  prove  satisfactory,  as  will  that  of  Havrez.  The 
former  may  be  taken  as,  for  average  cases,  in  good  practice, 
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*  Isher wood's  Researches;  Thurston's  Manual,  p.  818. 
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The  general  result  indicates  a  superiority  of  about  10  per  cent, 
on  the  side  of  the  water-tube  boiler.* 

A  possibly  important  source  of  irregularity  and  uncertainty 
in  the  table  presented  in  this  paper  may  be  found  in  the  fact 
that  the  proportion  of  heating  to  grate  surface  is  unknown 
and  probably  somewhat  variable.  This  may,  perhaps,  account 
for  the  departure  of  some  of  the  observations  from  the  line  of 
means,  so  greatly.    The  true  comparison  lies,  of  course,  between 


Tliwf^litml  Ev 

■L{Kir»iioi] 

15 

T    - 

1 

■ 

- 

T 

— r- 

u 

--. 

-- 

1 

^L 

" 

22 

'_2 

LJ 

- 

b^ 

iv 

iu 

ili 

ijti> 

^ 

-». 

— 

-■ 

^-, 

^-t- 

— 

-- 

14 

— 

-' 

to 

L 

IS 

r 

^\ 

t 

\ 

\ 

12 

^ 

L 

s 

1 

■ 

•^   I 

, 

1 

i 

i 

! 
8. 

1 
1 

V 

s 

tj 

s 

' 

P^  n^p«r  Carve   ir-^llJ- 4.?lV> 

11 

* 

^ 

m* 

\ 

•.ff 

^ 

M 

s 

^ 

10 

- 

^ 

"^ 

^ 

^ 

N 

9 

it 

*  ^ 

3 

*v 

'» 

h 

^ 

'fr, 

'^ 

^ 

8 

^ 

h 

>" 

L 

^ 

^ 

^ 

^, 

.^ 

^ 

'-^ 

^i 

L:^, 

, 

-=5 

f^ 

^ 

7 

i 

?^ 

"-^ 

k 

^r 

1*' 

^ 

*IH 

^ 

6 

1 

L^ 

t». 

>% 

^ 

-^- 

-•f' 

^_ 

^-^ 

:ij 

■^ 

*"■!—■ 

J 

^ 

^ 

'^ 

-i^ 

« 

'^-1 

"■^-H 

PutlU<l4  hf  CdBJ  ptr  MJUATV 

foot  (%f  Ofoto  (ljyp=>thellv»J>f 

■     ] 

- 

I 

1 

^ 

0 

!l 

0 

t 

0 

f 

H) 

1    ^ 

^ 

'^ 

? 

I 

M) 

I 

0 

1» 

iy»_    lin 

I 

W 

1^ 

w_  ro 

1 

w 

m 

M 

w 

1 

T 

T 

/ 

Pound*  (if  CVjInbuitlble  p^T  wiiinfts  foot  H#lHllJ  |t  Surfiit*  J-T 

ti&Ltr 

0    \a       A       3       *H       :.0     l.i*     U      L«      1  -      '^  I*       '  ■*       '  1     ■  *'      2.^     3,0      3.3     S^4     3,S      5^     i.O 
8TCAII   BOILER   EPPICICNCY 

Cbrirti*  I^*^  Un^  tbo«e  of  the  Equatlom ;        Dotted  Unes  those  of  the  Writer. 

Fig.  180. 

the  area  of  heating  surface  and  weight  of  fuel  burned  per  unit 
of  that  area.  Were  the  data  given  as  pounds  of  fuel  burned  per 
square  foot  of  hecUing  surface,  these  irregularities  would,  to  some 
extent  at  least,  disappear.  In  this  respect  the  Isherwood  data 
have  an  advantage,  being  comparatively  uniform  in  proportion 
of  heating  to  grate  surface. 

For  general  purposes,  I  imagine  the  expression  proposed  by 
Rankine  will  prove  satisfactory,  as  will  that  of  Havrez.  The 
former  may  be  taken  as,  for  average  cases,  in  good  practice, 
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where  8  and  F  are  the  proportions  of  heating  surface  and  of 
fuel  burned  per  square  foot  of  grate.^ 

Mr.  WaMace  Ckristie.ji— The  writer  has  gone  over  very  care- 
fully all  the  reports  of  the  tests  tabulated,  and  has  found  a  very 
few  clerical  errors  ;  and  they  have  been  corrected. 

Test  No.  14  is  thoroughly  bad,  and  as  it  cannot  be  traced  so 
as  to  correct  it,  will  have  to  remain  uncorrected. 

There  are  a  few  tests  in  which  the  water  evaporated  per 
pound  of  combustible  is  placed  in  the  same  column  of  equivalent 
water  evaporated  per  pound  of  combustible,  as  the  latter  figure 
was  not  given  in  the  reports  of  these  tests.  None  of  the  correc- 
tions made  nor  the  above  noted  fact  have  any  e£fect  on  the 
diagram. 

There  is  no  one  who  appreciates  more  than  the  writer  does, 
the  value  of  studying  the  anthracite  and  bituminous  coals  sepa- 
rately, but  he  was  not  able  to  get  that  classification  ready  in 
time  for  the  meeting.  Fig.  131  and  Fig.  132  give  the  tabulation 
with  only  the  anthracite  combustible  and  the  bituminous  com- 
bustible in  each  diagram  clearly  indicated. 

In  the  tests  the  bituminous  diagram  shows  a  very  decided 
loss  in  eflSciency  as  the  pounds  of  coal  burned  per  square  foot 
of  grate  increases,  while  in  the  anthracite  diagram  the  efficiency 
seems  to  be  less  decided,  which  in  a  general  way  coincides  with 
the  conclusions  of  Mr.  Curtis. 

Dr.  Thurston's  conclusions  from  the  data  given,  that  12.62 
pounds  of  coal  per  square  foot  of  grate  for  anthracite  coal,  and 
13.23  for  bituminous  coal,  which  are  the  average  of  the  rates  of 
combustion  in  efficiency  tests,  come  very  close  to  13  pounds,  a 
rate  which  it  seems  to  the  writer  as  the  most  economical  rate  of 
combustion  in  general  for  rate  of  all  coals.  The  mean  of  figures 
quoted  by  Mr.  Levan  is  also  13  pounds,  which  also  corrobo- 
rates the  writer's  statement. 

As  to  the  writer's  method  of  drawing  the  mean  line,  he  would 
say  that  what  he  called  the  mean  line  in  the  paper  should  pos- 
sibly have  been  called  the  line  of  most  points,  as  it  was  passed 
through  or  near  more  of  the  points  in  the  diagram  than  any 
other  line  would  pass  through;  being  through  or  near  about 
one-third  of  the  tests. 

The  writer  is  not  ignorant  of  methods  of  drawing  mean  lines 
(as  was  implied  by  Mr.  Kent).  He  has  gone  over  the  combusti- 
♦  Thunton's  Manual,  §  98.  t  Aathor*8  Closare,  under  the  Rules. 
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ble  diagram  with  the  aid  of  a  planimeter,  averaging  the  area 
within  the  lines  in  each  inch  as  figured,  as  from  9  to  10  pounds 
of  coal  burned  and  from  10  to  11,  etc.,  and  he  has  found  that  the 
general  trend  of  a  mean  line  obtained  in  that  manner  is  the  same, 
as  he  gave  in  the  original  diagram,  though  not  quite  so  decided 
in  its  curvature.  The  objection  to  using  a  line  obtained  in  this 
way  is  that  one  space  which  might  contain  eight  or  nine  tests 
would  have  the  same  value  in  determining  the  curve  as  another 
space  with  only  one  test  in  the  same  space,  and  the  writer  felt 
himself  warranted  in  rejecting  it  as  giving  a  very  unsatisfactory 
.line.  He  has  prepared  Fig.  133  by  drawing  ordinates,  equally 
distant  from  each  other  to  a  base  line,  which  base  is  the  line  of 
the  rate  of  combustion  ;  and  upon  all  the  ordinates,  beginning 
on  the  left  of  the  original  diagram,  the  combustible  burned  as 
located  in  consecutive  tests  on  consecutive  lines  in  this  manner 
by  giving  each  test  an  equal  value  in  determining  the  curve. 
The  mean  line  of  curve,  as  drawn,  can  be  readily  seen  to  be  a 
properly  drawn  curve,  and  it  also  has  the  same  number  of 
points  above  the  line  as  it  has  below  the  line,  not  counting 
the  rejected  points,  which  seem  to  be,  according  to  Mr.  Kent, 
unworthy  of  our  consideration. 

The  writer  has  not  tried  to  force  any  laws  which  govern  boiler 
economy  on  any  one,  but  his  endeavor  was  to  present  the 
results  of  tests  as  given  to  the  public,  to  the  Society  for  their 
consideration,  and  if  the  paper  shall  have  been  successful  in  • 
securing  more  accurate  and  carefully  conducted  tests  in  the 
future,  it  will  please  no  one  more  than  himself. 

The  tests  given  in  Mr.  Barrus's  book  were  not  used  because 
they  did  not  give  the  pounds  of  combustible  burned. 

One  conclusion  which  the  writer  wished  to  present  as  worthy 
of  vote  was  that  4  pounds  of  coal  burned  per  hour  under  a  good 
boiler  was  seldom  exceeded  in  producing  a  horse-power  (A.  S. 
M.  E.  standard),  the  average  of  the  reported  tests  being  3  64 
pounds.     This  conclusion  has  not  been  disputed. 

Mr.  Kent,  in  his  discussion,  insists  on  tests  being  used  which 

,  are   both  good  and  bad  as  far  as  economy  is  concerned,  but 

later,  when  drawing  his  conclusions,  he  rejects  certain  tests 

which  may  seem  abnormal  in  results  from  those  plotted  near 

them,  to  come  to  a  proper  conclusion. 

For  those  who  have  an  Index  Rerum  or  other  method  of  clas- 
sifying references  to  literature,  the  title  used,  though  possibly 
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not  absolntely  technical,  seems  preferable  to  the  extended  tech- 
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This  "  if "  is  in  the  way  when  it  comes  to  commercial  boiler 
experience.     The  writer  of  this  paper,  taking  the  matter  of  rate 
of  combustion  and  the  actual  working  of  boilers  into  considera- 
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sifying references  to  literature,  the  title  used,  though  possibly 
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not  absolutely  technical,  seems  preferable  to  the  extended  tech- 
nical title  suggested.  The  writer  has  reason  to  believe  that  a 
boiler  test  cannot  be  conducted  too  carefully,  and  also  that  the 
best  tests  give  opportunity  for  the  most  scientific  conclusions. 

The  tests  reported  were  not  collected  with  the  idea  of  secur- 
ing only  the  best,  but  all  the  tests  that  could  be  secured  which 
seemed  to  be  reasonably  authentic  were  used.  Test  No.  103 
(not  plotted  in  the  diagram),  giving  such  a  high  evaporation--- 
giving  13.96  pounds  of  water — was  made  with  a  "  Cahall  ver- 
tical "  boiler  fitted  with  a  Hawley  down-draft,  and  is  correct  as 
far  as  the  writer  knows;  and  the  conditions  were  very  favorable 
for  the  result  obtained. 

Mr.  Kent  refers  in  his  handbook  to  the  fact  that,  with  a  well- 
constructed  furnace  and  complete  smoke  consumption,  12^ 
pounds  of  water  evaporated  may  be  exceeded  ;  while  he  calls 
anything  over  12.5  in  the  writer's  paper  simply  incredible.  In 
a  recent  issue  of  the  Engineering  Record^  12.75  is  given  as  "  a 
result  obtained  under  conditions  of  established  practice ;  it  is 
not  beyond  the  range  of  reasonable  expectations  to  look  for  13 
pounds,  or  perhaps  a  trifle  higher,  as  the  possible  evaporation 
when  every  circumstance  favors  economy,"  as  2  per  cent,  effi- 
ciency gained  from  coal  is  equivalent  to  one-third  of  a  pound  of 
water  evaporated. 

In  the  writer's  own  record  of  tests  the  location  of  boilers, 
type,  and  heating  surface  is  given,  but  for  the  present  purpose 
it  did  not  seem  necessary  to  include  it  in  the  report.  He  also 
thinks  that  the  slight  errors  which  may  be  in  the  reports  of  tests 
are  probably  equalized  by  errors  of  a  personal  equation  which 
are  more  or  less  frequent  in  boiljBr  tests. 

The  writer  has  gone  over  Mr.  Kent's  criticism  of  Professor 
Goss's  work  at  Purdue  University  on  a  locomotive  boiler,  and 
understands  his  method  of  reasoning  and  accounting  for  the 
losses.  The  tests  criticised  were  on  a  locomotive  boiler  and  are 
not  numerous  enough  for  the  sweeping  assertion  made.  In  fact, 
in  his  opinion,  the  criticism  resolved  itself  into  this — that  if  we 
could  eliminate  the  spark  losses  the  efficiency  of  a  boiler  would 
remain  constant,  with  the  same  quantity  of  coal,  burned  in  the 
same  time  on  different  areas  of  grates  under  the  same  boiler. 
This  "  if "  is  in  the  way  when  it  comes  to  commercial  boiler 
experience.  The  writer  of  this  paper,  taking  the  matter  of  rate 
of  combustion  and  the  actual  working  of  boilers  into  considera- 
25 
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tioD,  does  not  have  the  '^  if "  to  contend  with  and  does  not 
wish  his  work  to  depend  on  factors  which  have  no  commercial 
yalue. 

With  the  same  grate  area  and  boiler,  the  writer  believes 
that  there  is  a  rate  of  combustion  which  gives  the  greatest 
economy  of  evaporation  for  each  boiler,  and  his  conclusion, 
from  the  tabulated  tests,  is  that  the  rate,  considering  all 
boilers,  is  between  12  and  14  pounds,  or,  as  he  has  seen  fit  to 
call  it,  13  pounds,  of  coal  burned  per  square  foot  of  grate  per 
hour. 

Commercial  efficiency  may  favor  the  burning  of  all  the  coal 
possible  on  a  grade,  which  the  writer  does  not  deny ;  but  theo- 
retical efficiency,  he  thinks,  is  not  at  any  rate  of  combustion, 
but  at  some  one  particular  rate.  / 

C.  Wye  Williams,  in  his  Combustion  of  Coal^  page  181,  says 
something  like  this :  ''  A  few  words  ...  on  quick  and  slow 
combustion  .  .  .  time  is  the  true  test  of  efficiency.  Eapid 
combustion  is  more  economical  of  time  and  slow  combustion 
of  fuel." 

Prof.  A.  B.  W.  Kennedy,  F.  B.  8.,  a  recognized  expert  in 
England,  gives  the  following  results  of  tests  made  with  a 
Thomeycroft  water-tube  boiler :  At  7.74  pounds  of  coal  burned 
per  square  foot  of  grate  per  hour  the  equivalent  evaporation 
was  13.4  pounds ;  at  66.6  pounds  of  coal  the  equivalent  evapora- 
tion was  10.29  pounds.  Certainly  this  shows  a  decrease  in 
economy  with  increase  of  rate  of  combustion,  and  being  made 
by  the  above  authority,  the  writer  feels  bound  to  accept  it  in 
preference  to  any  theoretical  conclusion. 

Bankine,  in  Sieam  Engine^  V9S^  293-94,  says :  *'  As  the  ratio 
of  square  feet  of  heating  surface  to  coal  burned  per  square 
foot  of  grate  per  hour  increases — that  the  rate  of  combustion 
decreases — by  calculation— the  ratio  of  evaporation  to  evapora- 
tive power  of  coal  increases."  Consequently  the  efficiency  of 
evaporation  decreases  as  the  rate  of  combustion  increases. 

The  average  of  all  the  tests  gives  the  developed  horse-power 
only  about  9  per  cent  above  the  rated  horse-power  of  the 
boilers. 

Chimneys, 

Having  found  that  a  relation  existed  between  the  coal  burned 
per  square  foot  of  grate,  with  efficient  chimney  draft,  for 
anthracite  and  bituminous  coal,  as  shown  by  the  results  tabu- 
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lated  in  the  paper,  page  367,  this  relation  gave  1.83  to  1  as  the 

ratio  of  area  of  grates  for  the  best  results  from  anthracite  and 

bituminous  coal,  respectively,  under  the  same  chimney. 

X 
The  coefficient  -j  was  found  in  all  cases — a  large  number  not 

tabulated — to  be  equal  to  the  coal  burned  per  hour  square  foot 
of  grate ;  hence  in  the  equation,  next  to  last  line  on  page  367, 
<< coefficient"  cancels  the  "coal  per  square  foot  of  grate  per 
hour  "  and  we  have  equation  (1). 

Equation  (2)  comes  by  using  1.83,  the  ratio  named  above,  as 
a  divisor — for  bituminous  coal  gratea 

Then  equation  (3)  comes  from  multiplying  O  by  13,  the 
economic  rate  of  combustion. 

Putting  G  =  A  \/H  in  equation  (3),  we  have  "  pounds  of  coal 
per  hour  "  =  13  x  G  x  A  y/~H. 

Of  course  there  are  limits  to  the  use  of  all  the  equations.  As 
a  boiler  horse-power  (A.  S.  M.  E.  standard  assumed)  is  devel- 
oped by  4  pounds  of  coal  or  less  burned  per  hour,  dividing  the 
above  equation  by  4  gives  equation  (4)  of  the  paper. 

In  regard  to  the  form  of  chimney  formula,  both  Mr.  Kent's 
and  the  writer's  are  in  the  form  of  the  envelope  of  a  parabola, 
and  have  three  variables,  -ffP.,  A^  and  U.  

Plotting  points  for  a  line  of  coal  capacities  with  A\/El  as 
ordinates  and  pounds  of  coal  burned  per  hour  as  abscissas,  both 
the  writer's  formula  and  Mr.  Kent's,  using  "  effective  area  "  for 
A  in  the  latter  case,  give  straight  lines,  and  Mr.  Kent's  for- 
mula, using  "  actual  area  "  for  A^  gives  an  irregular  curved  line 
in  between  the  two. 

Some  chimneys  used  in  connection  with  forced  draft  plot  at 
or  near  Mr.  Kent's  line,  while  chimneys  using  natural  draft  come 
within  the  line  of  the  writer's. 

Mr.  Kent  s  formulas  give  higher  coal  capacities  for  the  larger 
chimneys  than  the  writer's. 

The  writer's  formula  covers  actual  practice,  for  coal  capacity, 
and,  while  it  may  be  in  an  "  ancient "  form,  is  borne  out  by  facts ; 
and  while  he  has  all  respect  for  theory,  yet  engineers  have 
tried  to  arrive  at  a  purely  scientific  equation  which  will  give  the 
horse-power  of  chimneys,  or  coal  capacity — which  latter  expres- 
sion he  prefers.  But  some  of  their  equations  are  clumsy  and 
commercially  unserviceable,  and  not  being  able  to  wait  for  the 
development  of  some  pure  equation,  the  writer  investigated  for 
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himself,  and  has  come  to  the  conclusions  of  the  paper,  governed, 
of  course,  in  part,  by  the  prior  work  of  others. 

The  following  tables,  figured  by  formulae  given  in  the  paper, 
will  give  satisfactory  results  to  any  who  may  use  them,  should 
any  special  allowances  be  needed.  The  user  must  use  his  own 
judgment  in  regard  to  them. 

The  writer  is  of  the  same  opinion  as  Mr.  W.  B.  Le  Van,  that  a 
chimney  may  be  used  somewhat  above  its  rated  capacity,  and 
hopes  that  his  work  may  prove  of  value  to  others,  until  some 
one  else  brings  forth  facts  and  figures  enough  to  contradict  the 
results. 

Table  L  Grate  area  for  a  rate  of  combustion  of  13  pounds 
per  square  foot  of  grate  per  hour. 

Table  II.  Grate  area  for  a  rate  of  combustion  of  23.8  pounds 
per  square  foot  of  grate  per  hour. 

Table  IIL     Coal  capacity  of  chimney. 

Table  IV.     Horse-power  of  boilers. 

Table  V.  Horse-power  of  chimneys,  when  two  pounds  of  coal 
per  hour  burned  furnishes  1  independent  horse-power  at  engine. 
Should  the  engine  horse-power  be  known,  and  the  chimney  size 
wanted,  great  care  should  be  exercised  in  determining  it.  The 
last  table  is  only  intended  for  the  one  case. 

The  writer  would  like  to  put  himself  on  record  as  being  de- 
cidedly in  favor  of  rating  chimneys  at  their  coal  capacity  and 
not  hy  horse-power. 
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.TABLE  II.— ^RATB  Area. 
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TABLE  IV.— HOBSB-POWBR. 
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TABLE  v.— HoBSB-PowKR  (Special). 


s 

£ 

< 

1.77 
2.41 
8.14 
8.96 

4.91 
5.94 
7.07 
8.80 

9.62 
12.57 
15.90 
19.64 

2R7A 

Hbight 

OF  Chuixkt. 

1 

50^ 

60' 

TO' 

SO'j    90' 

100'    110' 

125' 

15^ 

175' 

200' 

225' 

280' 

800' 

n 

< 

5 

Hob 

B»-Po 

WBB  =  6.5  A  J~H  +  «  pounds  coftl  bnrned  per  hour  =  1  H.P. 

18 

84 
110 
144 

182 

228 

92 
24 
156 
202 

248 

296 
85ft 

98 
180 
170 
214 

266 
826 
884 

448 

526 

104 
186 
182 
228 

286 
844 
410 
482 

6frt 

728 

16" 

?1 



91 

94 

196 
948 

806 
864 
486 
514 

562 

774 

962 

1,210 



99 

97 

94 

80 

81» 
884 
456 
540 

(&4 

820 

97 

88 

404 
482 
566 

662 

858 

* 

80 

86 

514 
6W 

702 

916 

1,158 

1,480 

1  7JI0 

82 

89 

1 

'J.Z 

85 

42 

780 

88 

48 

1,020 
1,294 

...... 

48 

48 

59 
64 

M 

1,084  1.066 
l,2?4jl,888 

1,548  1,618 

'    »« 

60 

"'\ 

1,594    1,690 
1.980    2,(M2 

...... 

66 

1 

91fU 

72:  28.27 

!.*.t..;.. 

l.aiO  1.924  2.1021 

2,294    2,430    2;606 
2,696    2,918    8,048 
8,126|  8,806!  8,586 

8.688:  8,796l  4,062 
4.062    4,^2;  4,622 
4.608    4,868    5,214 
5,168j  5,468    5,850 

5,758    6,090)  6,514 

2,756 
8,288 
8,750 

4,810 
4,902 
5,582 
6,202 

6.910 

! 

78   38.18 



2,282.2.4121 

8,412 

84  88.48 



2,620 

2,802 

8,218 
8,660 
4,134 

8,962  *4,880|  75 

90   44.18 

4,588  4,972 1  80 

96   50.27 

5,168   5,602'  80 

102   56.:5 

5,880  6,800;  91 
6,588   7.1561  06 

108!  ^62 

4,628 

114   70.88 

7,286 
8,074 
9,764 

7,982101 

120'  78.54 

6,882:  6,748!  7,2221  7,658 
7,7aJ|  8,1M'  8,786    9,262 
9,192j  9.718  10.400  11.080 

8,840107 

182'  96.08 

10.700  1 17 

144  118.10 

11,682  12.734  128 

■••i 

To  be  used  only  in  connection  with  very  efficient  engines.  * 

Wm.  Wallace  Christie, 

Patenon,  N.  J. 
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DCCXVIII* 

CONTRACTION  AND  DEFORMATION  OF  IRON  CAST- 
INGS IN  COOLING,  FROM  THE  FLUID  TO  THE 
SOLID    STATE. 

BT  FRANCIS  SCHUMANN,  POXLADELFHIA,  PA. 

(Member  of  the  Society.) 
INTRODUCTION. 

One  of  the  most  serious  and  annoying  difficulties  to  the  iron 
founder  is  the  tendency  of  castings  to  deformation,  due  to  un- 
equal cooling  and  consequent  unequal  contraction ;  excessive 
initial  stresses,  if  not  cracked  castings,  often  resulting,  no  mat- 
ter how  carefully  moulded  or  with  what  care  the  iron  is  selected 
and  manipulated. 

Our  knowledge  as  to  the  causes  has  been  but  vague,  notwith- 
standing the  thought  and  attention  given  the  subject. 

The  writer,  impressed  with  the  importance  of  the  matter,  and 
having  opportunities  for  observation  and  experiment  through 
his  connection  with  foundries  where  great  diversity  in  the  form 
of  product  resulted,  decided  to  investigate  with  a  view  of  dis- 
covering what  laws  of  physics  applied  and  in  how  far  the  cause 
and  effect  were  determinable  and  controllable. 

After  some  twelve  years  of  observation  and  research  the 
writer  is  enabled  to  submit  the  result  of  his  labors,  which  it  is 
hoped  will  prove  of  practical  use  to  the  engineer  and  foundry- 
man. 

GENERAL  LAWS  ADVANCED. 

Cast  iron,  as  well  as  all  other  bodies,  with  but  few  exceptions, 
expands  or  contracts  equally  in  all  directions,  with  the  increase 
or  decrease  of  its  temperature,  respectively.  Hence  the  pro- 
portions of  a  body,  whether  its  temperature  increases  or  de- 

*  Presented  at  the  New  York  met-tinj^  (December,  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XYIII.  of  the 
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creases,  remain  alike.  At  moderate  low  temperatures,  from  32 
degrees  to  212  degrees  Fahr.,  the  change  is  directly  as  the 
temperature.  At  high  temperatures  the  changes  are  greater 
than  the  changes  in  heat. 

Contraction  takes  place  just  when  incandescence  disappears,  or 
when  the  color  changes  from  red  to  black,  and  continues  until 
the  temperature  is  normal  to  that  of  the  surrounding  mediums. 

CONTRACTION  AND  DEFORMATION   OF  PRISMS  OAST  IN  SAND  MOULDS. 

A  prism  cast  in  a  sand  mould  will  maintain  its  alignment, 
after  cooling  in  the.  mould,  provided  all  parts  around  its  centre 
of  gravity  of  cross  section  cool  at  the  same  rate  as  to  time  and 
temperature. 

Deformation  is  due  to  unequal  contraction  of  the  elements 
of  the  cross  section  surrounding  the  centre  of  gravity  of  the 
section. 

Unequal  contraction  is  due  to  unequal  cooling,  causing,  or 
tending  to  cause,  initial  stresses  in  the  elements  of  the  prism, 
resulting  in  deformation  or  rupture. 

The  rate  of  contraction  between  the  fluid  (heated)  state  and 
the  solid  (cold)  decreases  with  the  volume  or  mass  of  the  cast* 
ing,  and  inversely  as  to  time  of  cooling. 

Kapid  cooling  tends  to  increase  the  density  of  the  iron ;  the 
crystals  are  diminished  in  size,  and  the  fracture  denotes  greater 
compactness,  with  more  evenness  of  surface  and  less  ruggedness. 
The  color  tends  towards  white,  denoting  a  change  of  carbon 
into  the  combined  state  at  the  moment  of  solidification.  The 
size  of  crystals  decreases  with  an  increase  in  combined  carbon. 
Its  resistance  to  impact  is  lessened,  and  the  rate  of  contraction 
is  increased. 

Slow  cooling  develops  larger  crystals,  less  density,  and  in- 
creased ductility.  The  fracture  i^  darker  or  more  gray  in  color, 
the  surface  uneven  and  rugged,  and  the  carbon  is  in  a  more  free 
state.  The  contraction  is  lessened,  and  the  casting  has  greater 
resistance  to  shock,  although  its  resistance  to  a  quiescent  cross- 
breaking  force  may  be  less. 

In  any  prism,  variations  in  density  may  occur  by  reason  of 
diflferences  in  the  rate  of  cooling,  the  more  rapidly  cooling  part 
being  more  dense,  made  so  by  the  molecules  drawn  from  the 
still  fluid  part  of  the  casting,  which,  cooling  later,  will  be  less 
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dense  or  with  a  diminished  number  of  molecules.  The  mole- 
cules in  adjusting  themselves  follow  and  flow  in  lines  coinciding 
in  direction  with  the  waves  of  cooling,  being  from  a  high  to  a 
lower  temperature,  thus  tending  to  create  a  void  and  lessening 
the  density  of  those  parts  which  cool  slower. 

The  rate  of  cooling,  or  dissipation  of  heat,  is  uniform  around 
the  perimeter  of  the  cross  section. 

The  total  amount  of  heat  to  be  dissipated  per  unit  of  perime- 
ter of  section  may  or  may  not  be  uniform  or  equal,  depending 
upon  the  character  of  the  cross  section. 

The  greater  the  amount  of  heat  to  be  dissipated  per  unit  of 
perimeter  the  slower  the  cooling. 

A  plane  of  neiftral  or  mean  action,  relative  to  the  total  dissi- 
pation of  heat,  j)asses  through  the  centre  of  gravity  of  the  cross 
section.  In  symmetrical  sections  the  action  is  alike  on  either 
side  of  the  neutral  plane,  while  in  unsymmetrical  sections  it  will^ 
or  may,  vary. 

The  dissipation  of  heat  through  the  perimeter  of  a  section 
follows  wave  lines  perpendicular,  in  direction,  to  the  perimeter. 

The  amount  of  heat  to  be  dissipated  per  unit  of  perimeter 
varies  in  proportion  to  the  volume  or  mass  ot  the  prism  of 
which  the  respective  unit  forms  the  dissipating  side. 

The  relative  amount  of  heat  dissipated  in  a  prism,  per  ijmit  of 
time,  varies  in  proportion  to  the  dissipating  surface  of  the 
perimeter  divided  by  its  respective  volume  of  cross  section. 

The  crystals  that  form  in  cast  iron,  when  changing  from  the 
liquid  to  the  solid  state,  have  the  tendency,  when  no  disturbing 
causes  interfere,  to  form  themselves  into  regular  octahedrons,  or 
double  four-sided  pyramids,  with  their  bases  joined. 

Their  size  varies,  the  mean  increasing  with  the  slowness  of 
cooling.  The  long  axis  of  the  crystals  tends  to  adjust  itself 
perpendicular  to  the  plane  of  cooling  surface  of  the  casting. 
Thus,  in  a  cylinder  the  axis  would  coincide  with  the  radial 
lines,  while  in  a  square  prism,  the  axis  of  the  crystals  being 
perpendicular  to  the  four  sides,  will  tend  to  flow  apart  on  a 
plane  bisecting  the  angle  of  two  sides ;  on  this  bisecting  plane 
the  casting  will  be  less  dense  and  of  diminished  cohesion. 

A  prism,  unsymmetrical  in  section,  in  which  the  proportion  of 
cooling  surface  to  mass  varies  around  the  centre  of  gravity  of 
the  cross  section,  will  have  the  greatest  propoi*tion  of  smaller 
crystals  in  the  parts  cooling  the  quickest.     Where  the  change  in 
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the  rate  of  cooling  is  greatest  will  be  the  place  of  greatest  in- 
terference to  the  natural  adjustment  of  the  crystals,  as  to  size 
and  position,  and  hence  the  place  of  least  cohesion. 

Contraction  is  in  a  direct  relation  to  the  rate  of  cooling  and 
size  of  crystals.  The  more  rapid  the  cooling  the  smaller  the 
crystals  and  the  greater  the  contraction. 

In  any  prism,  unsymmetrical  in  section,  composed  of  a  smaller 
mass  joined  to  a  larger,  the  greatest  longitudinal  contraction 
will  occur  in  the  larger  mass.  This  apparent  contradiction  to 
the  general  law,  that  contraction  decreases  with  the  mass  and 
rate  of  cooling,  is  explained  when  we  consider  volumnar  con- 
traction. The  larger  mass  will  have  its  rate  of  contraction 
equal  in  all  directions;  the  smaller  mass  is  restricted  in  its 
contraction  longitudinally  by  the  larger  mass  at  the  point  of 
juncture  of  the  two  masses,  but  maintains  its  greater  rate  of 
contraction  transversely ;  were  the  transverse  rate  the  same  as 
that  of  the  larger  mass,  its  longitudinal  contraction  would  be 
the  same,  but  its  transverse  rate  being  greater,  the  excess  in 
volume  flows  in  direction  of  length,  resulting  in  a  greater  length, 
after  cooling,  of  the  smaller  mass. 

When  the  rates  of  contraction  in  the  elements  of  the  cross 
section  of  a  prism  are  known,  the  resulting  change  in  alignment 
and  initial  stresses,  due  to  the  differences  in  contraction,  can  be 
determined. 

The  line  of  mean  contraction  passes  through  the  centre  of 
gravity,  or  neutral  plane,  of  the  cross  section. 

In  unsymmetrical  sections  the  centre  of  action  of  the  maximum 
and  minimum  contraction  coincides  with  the  centre  of  gravity  of 
the  area  elements  that  are  separated  by  the  neutral  plane  which 
passes  through  the  centre  of  gravity  of  the  whole  section. 

Modifying  causes  that  affect  the  results  obtained  by  the  ap- 
plication of  the  preceding  laws  are :  Imperfect  alloying  of 
two  or  more  different  irons  having  different  rates  of  contrac- 
tion; variations  in  the  thickness  of  sand  forming  the  mould, 
which  is  the  medium  for  conducting  the  heat  from  the  sur- 
face or  perimeter  of  the  cross  section ;  when  the  prism  is  cast 
in  a  horizontal  position,  and  thin  layers  of  sand  at  top  and 
bottom  affect  the  dissipation  of  heat,  which  becomes  unequal 
by  reason  of  the  difference  in  circulation  of  air  between  the 
upper  and  under  external  surfaces  of  the  mould,  the  upper 
surface  dissipating  the  greater  amount  of  heat;   the  position 
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and  form  of  cores,  which  tend  to  resist  the  action  of  contraction^ 
also  the  difference  in  the  conducting  power  between  moist  sand 
and  dry-baked  cores ;  differences  in  the  degree  of  moisture  of 
the  sand  surrounding  the  prism,  especially  when  small  in  mass ; 
unequal  exposure  by  the  removal  of  the  sand  while  yet  in 
the  act  of  contracting;  flanges,  ribs,  or  gussets  that  project 
from  the  side  of  the  prism,  of  sufficient  area  to  cause  the  sand 
to  act  as  a  buttress,  and  thus  prevent  the  natural  longitudinal 
adjustment  due  to  contraction  ;  in  light  castings  of  sufficient 
length  the  unyielding  sand  between  the  flanges,  etc.,  may  cause 
rupture. 

INFLUENCE    OF    THE    PRINCIPAL   CONSTirUENTS    OF   IRON    UPON    THE 
RATE   OF  CONTRACTION. 

Carbon  is  the  most  active  element,  when  in  the  combined 
stat^,  to  increase  the  rate  of  contraction.  As  strength  and 
hardness  result  from  slight  increase  in  the  proportion  of  com- 
bined carbon  to  that  in  a  free  state,  it  follows  that  strong  irons 
have  a  greater  rate  of  contraction  than  those  in  which  a  lesser 
amount  is  preseni  When  the  combined  carbon  exceeds  certain 
limits,  hardness  and  contraction  increase  rapidly  and  the  strength 
decreases.  Increase  in  the  proportion  of  free  carbon  has  the 
opposite  tendency. 

Silicon,  when  present,  not  exceeding  certain  limits,  tends  to 
free  the  carbon,  reduces  the  rate  of  contraction,  and  increases 
the  ductility  and  softness  of  the  iron.  Increasing  the  silicon 
up  to,  say,  ten  per  cent.,  causes  the  iron  to  become  brittle,  hard, 
and  weak,  and  increases  contraction. 

Sulphur  tends  to  change  the  carbon  into  the  combined  state, 
and  hence  increases  the  rate  of  contraction. 

Phosphor^is,  while  tending  to  harden  the  iron,  has  little,  if  any, 
influence  upon  the  proportion  of  combined  to  free  carbon.  It 
lessens  the  rate  of  contraction  and  diminishes  the  strength  of 
the  iron. 

Manganese,  as  usually  present  in  foundry  irons,  about  1  per 
cent.,  has  no  appreciable  effect  When,  however,  it  reaches  1.5 
per  cent.,  and  the  iron  is  low  in  silicon,  it  tends  to  hardness  and 
increases  contraction,  although  no  alteration  in  the  carbon  is 
effected.  In  some  hard  irons  the  combined  carbon  is  lessened, 
as  also  the  contraction,  by  adding  small  quantities  of  not  exceed- 
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ing  0.15  per  cent,  of  manganese  to  the  molten  iron  in  the  ladles 
just  before  pouring  in  the  mould.  Increased  strength  also 
results. 

Repeated  remeUing  increases  the  rate  of  contraction ;  it  tends 
to  harden  the  iron  and  increases  its  density.  Originally  soft 
mixtures  become  stronger  and  harder,  while  hard  mixtures  be- 
come harder ;  the  proportion  of  free  carbon  decreases  and  the 
combined  increases;  the  total  carbon  is  slightly  decreased. 
Silicon  and  manganese  rapidly  decrease,  phosphorus  to  a  less 
extent,  while  sulphur  rapidly  increases,  due  to  the  fueL 

TEST-PIECE. 

The  cross-sectional  area  of  test-pieces  for  determining  the 
rate  of  contraction  of  a  given  mixture  of  iron  should  increase 
with  the  increase  of  combined  carbon  contained  in  the  mixture, 
when  intended  for  large  castings. 

BATE   OF  CONTRACTION. 

To  determine  the  rate  of  contraction  in  prisms  of  cast  iron, 
when  cooling  in  the  mould  to  the  temperature  of  the  surround- 
ing medium,  variations  from  rapping  the  pattern,  or  swelling 
due  to  imperfect  moulding,  not  considered. 

When  the  rate  of  contraction  of  a  given  prism  is  known,  that 
of  any  other  prism  made  of  the  same  mixture  of  iron,  and 
poured  at  the  same  temperature  and  into  the  same  character  of 
mould,  can  be  determined. 

Reference. 

Let  C  =  rate  of  contraction  (decreasing  with  the  ratio  R), 

c  =  rate  of  contraction  of  test-piece  for  average  gray 

foundry  irons  ;c  =  ^^^ 

A  =  area  of  cross  section  of  prism. 

a  =  area  of  cross  section  of  test-piece,  usually  1  inch 

square. 
P  =  perimeter  of  cross  section  of  prism. 
p  =  perimeter  of  cross  section  of  test-piece. 

p 
R  =z  -    =  ratio  of  cooling  surface  to  area  of  prism. 
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r  =  ^  =  ratio  of  cooling  surface  to  area  of  test-piece. 


Ci  =  reciprocal  of  c. 


(7  = 


"'-t-'(^-^)_ 


11 


'-[^-i-d^xDl'^oC-^)' 


hence  C  = 


87.2727 


"34909 
R 


for  any  value  of  Ry  when  Ci  =  96. 


These  formulaB  are  based  upon  actual  results  obtained  from 
measurements  of  castings  of  slight  sectional  area  gradually 
increasing  to  areas  of  nearly  600  square  inches. 

The  following  table,  computed  from  the  foregoing  formulsB, 
gives  the  rates  of  contraction  for  different  values  of  ^ ; 


iJ  = 

C  = 

R  = 

C  = 

10 

A  ni  ini7 

0.9 

12-6-059  =  «-^^^ 

90.764  -  '>'>"''17 

9 

^         _  ft  OlftOQl 

0.8 

i30'909  =  ^-^^^ 

91.151 -"•"^""'*' 

8 

A  Ainoi^ 

0.7 

—  0  nO7*>09 

91.635-""^°"^'' 

187.142-"""^-"^ 

7 

^       ft  ninfi<)R 

0.6 

—  0  006876 

92.259  -  ""lOSSS 

145.452  -  "•"^'*"* 

6 

93.096 -««1«'^ 

0.6 

r57-092  =  *>«^ 

5 

A  ninitno 

0.4 

^        —  0  005780 

54  3-4-0.010609 

174.544      "•""''''^ 

4 

-;.-  =  0.010416 

0.8383 

_!__  =  0.005208 

3 

A    AlftliA 

0.8 

203'632-««««»l« 

98.909-""^"^^^ 

2 

_^^1._^  0.009548 

0.2 

2ll'817-««««^» 

1 

.^A^^  =  0.008184 

0.1 

7-.J-..-  =  0.002292 

436.36 
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When  the  cross  section  of  a  prism  is  not  symmetrical^  tlie  neu- 
tral plane,  passing  through  its  centre  of  gravity,  or  mass,  will 
divide  the  section  into  two  elements  having  different  values 
olR. 

Be/erence. 

Let  ^1  =  the  greater  ratio*  i-^j  for  the  respective  element 

of  the  cross  section,  on  one  side  of  the  neutral 
plane. 
Ci  =  its  rate  of  contraction,  independent  of  any  influ- 
ence  from   the   other   elements   of  the   whole 
section. 

jBj  =  the  least  ratio  (  -j)  of  the  other  part  of  the  section, 

on  one  side  of  the  neutral  plane. 
C^  =  its  rate  of  contraction,  also  without  regard  to  any 

other  part  of  the  whole  section. 
Ci  =  the  rate  of  contraction  of  the  element,  for  which 
jBi  is  the  greater,  restricted  by  the  longitudinal 
rate  of  contraction  of  the  other. 
Then  will 

Ci  - 


11 


r 

0,          + 

-1 

(1- 

■  ar- 

(1- 

<?.)' 

il - 

^,/ 

• 

^^(^^^i)' 


and 

63  =    Cg   - 


To  determine  the  value  of  C^  the  following  reasoning  is  pur- 
sued : 

1.  The  prism  contracts  uniformly,  in  all  directions,  in  accord- 
ance with  the  minimum  rate  Cj. 

2.  The  maximum  rate  Ci  exerts  its  influence,  but  in  a  trans- 
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verse  direction  only,  its  longitudinal  action  being  restricted  by 
that  of  C2. 

3.  The  excess  of  volume,  due  to  the  greater  transverse  rate, 
extends  longitudinally,  and  a  consequent  decreased  rate  of  longi- 
tudinal contraction,  C^  results  for  those  parts  having  the  greater 
ratio  R. 

Let  a  =  area,  after  contraction  from  C2  of  part  above  n — n. 
^  __     <«        ((  «  **      C     **  **  *' 

Then  will  a  =  ^  (1  -  C^f  and  a,^A{l-  CiY; 

when  A  =  area  of  part   above  neutral  plane  n — n  (see 
Fig.  134)  before  contraction  occurs. 
Example  (see  diagram  showing  section  of  prism) : 


<H- 


*i 


''TT 


[y/j/z^'^l'iv"' 


1 


y_  9  X  1  +  3  X  5  _  24  _  „„ 


6 


Fio.  184. 


-I— n 


._L 


a^i  -  2  -  3 ' ; 


i?,  =  £!-=l|-^  =  4.1666,    for 
Oi  6 

which  ^,  =  0.01048; 

i?,  =   Pl=^  1.3889,    for 
which  d  =  0.00889  ; 


,  ^  _  ^       a-a._  (1  -  C,r-{1-C,)\ 

and  Ca  -  6, —  -  C,  -^^  _  ^,^, 

and,  substituting  the  values, 

r-0 nnftfiq      (i  - 0-00«89)^ - d  - 0.01048)' 

63  -  0.00889 ("1  _  0.010487 

=  0.00889  -  0.00321  =  0.00568. 


Hence  the  rate  of  contraction,  at  distance  x,  from  neutral  axis 
n — 71,  will  be  C3  =  0.00568,  while  that  at  distance  x^  will  be 
Ci  =  0.00889. 

Besume  and  application  of  the  foregoing : 

1.  Find  the  neutral  plane  which  passes  through  the  centre  of 
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gravity  of  the  whole  section  which  will  be  perpendionlar  to  the 
plane  of  deformation,  if  any. 

2.  Find  the  area  and  perimeter  of  those  parts  of  the  section 
that  lie  on  either  side  of  the  neutral  plane. 

3.  Find  the  ratios  iff  for  the  two  elements. 

4  Find  the  centre  of  gravity  of  the  two  elements  with  which  the 
centre  of  action  of  the  respective  rate  of  contraction  will  coincide. 

5.  When  the  ratios  R  are  equal  no  deformation  occurs. 

6.  When  the  ratios  R  are  unequal  deformation  will  result ; 
the  maximum  volumnar  contraction  occurring  in  that  part  of  the 
section  where  R  is  the  greatest,  although  its  longitudinal  con- 
traction will  be  less.  An  element  of  a  section  of  a  prism, 
whose  contraction  would  be  greater  than  the  other  elements 
composing  the  cross  section  were  it  cast  separately,  may,  when 
cast  on,  have  less  contraction  by  reason  of  its  volumnar  contrac- 
tion ;  the  transverse  action  taking  place  without  hindrance,  in 
accordance  with  its  rate  of  cooling,  while  its  longitudinal  action 
is  limited  by  the  rate  of  contraction  of  those  elements  in  which 
R  is  the  least. 

7.  In  symmetrical  sections,  the  greater  R  the  greater  the  con- 
traction. 

8.  In  prisms,  longitudinal  deformation  will  consist  in  the 
neutral  plane  assuming  a  curve,  which  will  be  part  of  a  true 
circle,  the  side  having  the  least  ratio  R  being  concave  toward  the 
centre  of  the  circle. 

EXAMPLES. 

Prism  :  Equilateral  triangle  in  section  (Fig.  135 ). 
X*  n — n= neutral  plane. 

//K  ^  Total  area  =  3.897.  Total  perimeter  =  9.00. 

/   pM.  i    Above  n— n  =  1.732.  Above  n— n  =  4.00. 

n^t^^^k^^':$^ — ^4-^ Below  n—n  =  2.166.  Below  n—n  —  5.00. 

T      r     1   ^  ^'  =  1^32  =  2.309;  i?,  =  2;^  =  2.309. 
Fio.  186.  The  section  is  symmetrical,  the  rate  of 

cooling  uniform,   hence  also   the   rate   of  contraction,  and  no 
deformation  would  result,  as  is  proven  by  actual  experience. 

The  rate  of  contraction  will  be,  when  c  =  ^^  and  R  =  2.309, 

c=  1  _     1 

„„„„-   .    34.909  -102:37  • 
87.2727  +   -23-^g 
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Prism :  Isosceles  triangle  in  section  (Fig.  136). 
n — n  =  neutral  plane. 


FxG.  186. 


X  =  0.666.     Total  area  =  0.7500.    Total  perimeter  =  48196. 
Xi  =  0.445.     Above  n—n  =  0.3333.     Above  n—n  =  2.7131. 
X2  =  0.355.     Below  n—n  =  0.4166.     Below  n—n  =  2.1065. 


-"'-  0.3333  -  '^•^^-      ^' 


And 


while 


2.1065  1 

0.4166 -°-"^-      ^-96' 


^.=- 


87.2727  + 


^ =  -  —  =  0.01092 ; 

34.909      91.56 


8:i4 


a  = 


1 


1 


87.2727-f 


34.909  ~  9418 


=  0.01061. 


C,  =  0.01061  - 


5.05 

(1-0.01061)^-  (0.01092)' 
(1  -  0.01092)^ 

=  0.01061  -  0.00063  =  0.0099a 


The  section  is  not  symmetrical,  and  deformation  results. 


TO  DETERMINE  THE  CURVE  OP  DEFORMATION. 

The  versed  sine  of  the  arc  coinciding  with  the  centre  of  grav- 
ity of  the  whole  section  will  be  a  measure  of  the  deformation 
from  the  originally  straight  line. 
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R^erence. 

Let  L  =  length  of  pattern  or  casting  before  contraction  occurs. 
Ix^  L  —  LC^  —  length  of  casting  at  distance  x^  from  neu- 
tral plane  n — n  after  contraction. 
1^=.  L  —  LCi  do.  do.  at  ax^. 
h  =  versed  sine  ;  amount  of  deformation  =  r  --  H, 

rf  =  oJi  +  X2  =  distance    between  centre   of  action  of   Cy 
and  C^ 


n^ 


Fio 

187 

r  = 

2       2 

=  ^(l)^ 

■H\ 

In  the  above  example  of  isosceles  section,  let  L  =.  36.375  and 
d  =  0.8 ;  then  will 

I,  =  36.375  -  36.375  x  0.00998  =  36.0119775 ;  and  |=18.0059887 
U  =  36.375  -  36.375  x  0.0106  =  35.989425;  and  |  =  17.994712. 


H= 


18.0059887  x  0.8 


14.40479096 


18.0059887  -  17.994712  ~    0.011276 
r  =  V'18:oq5988rT~1277l7^  =  1277.59. 
h  =  1277.59  -  1277.47  =  0.12  inch. 


=  1277.47. 


406 
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The  actual  deformation  h  in  an  experimental  casting  was,  as 
near  as  it  could  be  measured,  0.10  inches. 
Example  :  Moulded  and  flanged  plate  as  per  section  Fig.  138. 


Fio.  188. 


Pattern,  135  inches  long ;  c  =  ^^  ;  d  =  3.91. 

X=3.28.  Total  area  -3.7215  Total  perimeter  =  18.11. 
X,  =  1.91.  AboTe  n—n  =  1.8965.  Above  n—n  =  10.30. 
Xi  =  2.00.    Below  n—n  =  L8250.     Below  n—n         =   7.81. 

P        10.30       _.„      „        7.81 

^'  =  T.8965  =  ^'^-    ^'  =  1825  =  *-2^- 


C.  = 


87.2727  + 


34909  ~  93.7 
6.43 


=  0.010671 ; 


C,= 


1_ 

87.2727  + 


34.909  ~  95.43 

'4.28 


^  =  0.010478; 


/-  -0  010478      (1  -  0.010478^  -  (1  -  0.010671)' 

=  0.010478  -  0.000390  =  0.010088. 
i,  =  136  -  135  X  0.010088  =  133.63812  ;  |  =  66.81906. 


4  =  135  -  136  X  0.010478  =  133.5855 ;    |  =  66.7927. 


„_     66.81906  X  3.91 
66.81906  -  66.7927 


261.262.5246  _ 
~"o:02636 ««li.d2. 


r  =  ^66.81906^  +  9911.32'  =  9911.54 
h  =  9911.54  -  9911.32  =  0.22  inch. 

The  actual  deformation  measured  from  the  casting  was  one- 
fourth  of  an  inch. 
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Example  :  Panelled  and  flanged  plate  as  per  section  Fig.  139. 
Pattern,  144  inches  long. 


Fig.  139. 


X  =  yfilg^  =  1.18.  Total  area  =  7.4158.     Total  perimeter 

=  45.528. 
X,  =   39^^  =  0.59.  Above  n—n  =  3.9398.   Above  n—n  =  27.608. 

a^  =  ^v??^?- =  0.68.   Below  «—n  =  3.4760.    Below«—»i  =  17.92. 
<>.47d 

97  fiflS  1 7  QQ 

i2.  =  1^=7.0.    i?,=  i— =  5.16.    d  =  0.59  +  0.68  =  1.27. 

^'  ^87^727711^  ""^^  ^  ^'^^^  ''*''''  "  "  ^«  * 
70 

C,  = oTom  =  orriQ  =  0.01063. 

87.2727  +  ^-^       ^^-^^ 
5.16 

r  -  001063  -  a-001063>'-  (10.01084)« 
C7,  -  0.0106d  ^j  _  0  010^, 

=  0.01063  -  0.00043  =  0.0102. 
Z,  =  144  -  144  X  0.0102  =  142.5312 ;    ^  =  71.2656. 

Z,  =  144  -  144  X  0.01063  =  142.4693 ;  -|  =  71.2346. 

71.2656x1.27    _  90606312  _ 
^-  7i:265-6^r7r2346  "      0.031      "  ^^^'^^  '"""^^^ 


r  =  V71.2(i56'  +  2919.56'  =  2920.43  inches. 
A  =  2920.43  -  2919.56  =  0.87  inch. 
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The  actual  result  in  a  casting  was  |  inch. 
Example  :  Flanged  gutter-shaped  casting,  as  per  section  Fig. 
140.    Pattern,  144  inches  long. 


J 
i 

f 

M/Z/ZA'T/A 

/// 

•^ 

L         J^       t 

& 

\r-      ~fe 

-\ 

' 

■• 

/■■'■■■  ■■.■//,■■■/■/■ 

_ 

2)i 

Fio.  140. 

X  =  1.460. 

xi  =  0.991, 

■^  =  1.834  =  *-^^- 

.£Cj  =  0.839. 

.f  =  1.83;c  =  glg. 

c  -           ^ 

-93'62-0-«l^«93- 

87.2727  + 

34909 
5.58 

c-           ^ 

=  9^-42  =  001058. 

87.2727  + 

34909 
488 

a  =  0.01058  - 

(1  -  0.01058)'  -  (1  -  0.010693)' 
(1  -  0.010693  f 

=  0.01058  - 

0.OOO23  =  0.01035 

A  =  144  -  144  X  0.01035  =  142.5096  ;  ^  =  71.2548. 


Zj   =  144  — 144  X  0.01058  =  142.4764 ;  |  =  71.2382. 

„_     71.2548  X  1.83    _  1.S0.396284  _  ^ 

~  71.2548  -  71.2382  ~     0.0166     "  '»oo-a»- 


r    =  V7i:2548'  +  7855.19'  =7855.51 
h  =  7855.51  -  7855.19  =  0.32  inch. 
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The  actual  result  of  four  different  castings  varied  between  ^ 
and  i  inch,  due  to  unequal  thickness  of  the  castings  from 
uneven  ramming  of  the  sand  forming  the  mould. 

EXAMPLES  OP  LONOrrUDINAL  CONTRACTION. 
Section 

.  Length  of  pattern  =  69.750  inches. 

i      1  "  casting  =  68.875      ** 

^^  "\      Total  contraction  =    0.875      " 
Fio.  141. 

0  W7^  1 

Actual  rate  of  contraction  =  ^'rn^^  =  0.01254.    c  =  ^^  . 

by.  75  yb 

Perimeter,  p  =  8.670.       B  =  g^~  =  7.12. 
Area,  a  =  0.515. 

Calculated  contraction,  C  =  oToho  ^  no  i>7  =  0.01084. 

87.2727  +  ^f       ^^'^^ 

Section 

-^     Length  of  pattern  =  153.6875  inches. 
'^  "  casting  =  152.0622      " 

Total  contraction    =      1.6253       " 
Fig.  142. 

Actual  rate  of  contraction  =  :n^'rrirc^^  =  0.01057. 

ioo.boio 

Calculated  rate.  O  =      -^-  -^909  =  9^7  =  ''-^^^^' 
when/)  =  11.875,  a  =  1.65625,  and  c  =  ^. 

yb 

Section 


J, 
1 


Fig.  143. 


Length  of  pattern  154         inches, 
casting  J52.375      " 
Total  contraction  =      1.625      ** 
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Actual  rate  of  contraction  =  r^ .  ^  =  0.010552. 

154.0 


Calculated  rate,  C  = 


87.2727  + 


84.909  ■"  96.11 
3.95 


=  0.010404; 


in  which  p  =  21.6,  a  =  5.442,  R  =  |^|  =  3.95,  c  =  g^g. 


Circular  Disk. 


Fig.  144. 


Diameter  of  pattern  =  78.8750  inches. 
Diameter  of  casting  =  78.5625 
Total  contraction  =  0.3125      " 


p  =  180.7500  inches,     c  =  gg . 
a  =  907.0625  sq.  inches. 

Actual  rate  of  contraction  =  ^Us^t^  =  0.00396. 

7o.o75 


Calculated  rate,  C  = 


1 


87.2727  + 


34.909       262.69 
0.199 


:  0.0038; 


^^-^  =  9OT-0625-<^-19»- 
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Slotted  and  Flakoed  Platb. 


-UH- 


i_L 


\'^ 


I 


Fig.  145. 

Length  of  pattern  =  123.75  inches. 
Length  of  casting  =  122.75       " 
Total  contraction  =      1.00 

Actual  rate  of  contraction  =  j^^  „^  =  0.00809. 

The  slots  were  in  short  lengths,  equally  distributed  through- 
out the  whole  length  of  the  plate,  so  that  the  average  perimeter 
and  area  of  the  section  was  a  mean  between  that  of  the  slotted 
and  solid  portions. 
Por  the  slotted  sections :    For  the  solid  portions  of  the  section : 


n-P-  70:25 
-"  ~  a  ~     56    • 


jf  _  p  _  46.25 
^  ~  a  ~  "l54~- 


Hence  the  avert^e  B  = 


70.25  +  45.25      115.5 


56  +  64 


120.0 


=  0.9625, 


and  the  calculated  rate  of  contraction  is 


C  = 


1 


87.2727  + 


34.909      126.27 
0.96-25 


=  0.00792. 
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INITIAL  STRESSES   DUE  TO  UNEQUAL  CONTRACTION. 

With  the  aid  of  the  modulus  of  elasticity,  stresses  dne  to 
the  variations  in  contraction  can  be  determined. 

Beference. 

Let  E  =  modulus  of  elasticity,  of  the  iron  used,  in  pounds  per 
square  inch. 
F  =  tensile  or  compressive  force,  respectively,  resulting 
from  the  difference  in  contraction  between  the  ele- 
ments of  the  cross  section  in  pounds  per  square  inch. 
L  =  length  of  element  of  section  throughout  which  the 
difference  of  contraction  is  distributed,  in  inches. 
/  =  difference  in  contraction  between  the   elements   in 
question,  in  inches. 
Compression  occurs  in  the  elements  having  the  least  rate  of 
contraction,  tension,  vice  versa. 

For  cast  iron  E  =  17,000,000  pounds. 

IF 

Example :  four-armed  flanged  ring,  as  per  diagram  (Fig.  146). 

„      1.5x0.75  +  3x3  +  2.44x0.375      11.04      ,^.     , 
^  = 1.5  +  3  +  2.44 =  ftOi  =  ^-^  ^"^""• 

For  rim  7?  =  ^  =  l^^^  =  3.31,  for  which  C  =  ^J^^j  =  0.010224. 

For  arm  Ji  =  ^  =  ~  f .  =  4.47,  for  which  C  =  ^Jjr-  =  0.010.317. 

Circumference    of    neutral  plane  =  28.3  x  3.1416  =  88.90728 
inches,  which  will  contract  88.90728  x  0.010224  =  0.90899  inch. 

The  contracted  diameter  =  ~- .-,  ,  ,^' =  28.0106  inches. 

0.14-lu 

The  contraction  of  the  arms  =  28.3  x  0.010517  =  0.2976  inches, 

and    the    contracted  length  «=  28.3  -  0.2976  =  28.0024   inches ; 

hence  the  difference  in  contraction  between  the  rim  and  arms 

=  L  =  28.0106  -  28.0024  ^  0.0082   inch,   which    is   distributed 

over    a    length  L  =  7.125  +  7.125  =  14.25   inches.     Therefore, 

„     0.0082  X  17000000      ^„^^  ,  .     .       m.  • 

-r  =     14^^ ~  ^'^^   pounds   per  square  inch.     This 
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Fig.  146. 

Outside  diameter,  81.5  inches. 
Neutral  plane,  28.3     " 

force,  due  to  ilie  diminished  rate  of  contraction  of  the  rim,  can 
be  reduced  by  hastening  the  cooling  of  the  rim,  or  by  the  addi- 
tion of  auxiliary  plates  cast  alongside  of  the  arms  in  the  four 
spaces,  to  increase  the  time  of  cooling  of  the  arms. 

Were  a  hub  cast  on  at  the  intersection  of  the  arms,  resulting 
in  a  reduction  of  the  length  L  for  the  distribution  of  the  con- 
traction,  fracture  in  the  arms  would  be  probable.     In    fact,  a 
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casting  was  made  as  indicated,  having  a  hub  and  two  lugs 
extending  out  upon  the  two  opposite  arms,  cast  on,  which 
caused  one  of  the  arms  to  crack  and  separate  between  the  lug 
and  rim.  After  reducing  the  size  of  the  hub  and  materially 
that  of  the  lugs  and  hastening  the  cooling  of  the  rim,  a  sound 
casting  was  obtained. 

CONCLUSIONS. 

The  deformation  of  prisms  due  to  unequal  contraction  can 
be  overcome  by  providing  counter  deformation  in  the  pattern,  or 
by  the  addition  of  auxiliary  parts  which  can  be  readily  removed 
from  the  casting.  Generally,  the  section  should  be  so  subdi- 
vided or  designed  that  the  ratios  B  are  alike  around  the  centre 
of  gravity  of  the  section. 

In  complex  machinery  castings  the  design  should  be  so  modi- 
fied or  chosen  that  these  will  result  in  the  least  differences  in  the 
rate  of  cooling,  or  ratios  R  of  the  different  members.  Sudden 
changes  in  form  cause  severe  initial  stresses,  if  not  fracture,  and 
should  be  rigidly  avoided. 

Imperfectly  proportioned  flanges,  ribs,  or  gussets  added  to  the 
main  body  of  a  casting,  for  either  the  purpose  of  increasing  the 
strength  or  connections,  may  be  sources  of  weakness. 

Hollow  cylindrical  columns,  although  cast  of  even  thickness 
and  left  in  the  mould  until  cold,  may  become  crooked  by  reason 
of  the  unequal  rate  of  cooling  between  the  upper  and  lower 
halves,  due  to  the  currents  of  air  passing  through  the  column 
and  clinging  to  the  under  side  of  the  upper  half  after  the  core 
arbor  is  removed,  which  is  usually  done  shortly  after  pouring 
and  while  the  casting  is  still  red  hot.  This  deformation  is 
avoided  by  stopping  the  ends  with  sand  immediately  after  the 
withdrawal  of  the  core. 

Greater  attention  to  the  laws  of  cooling  and  correct  forms 
and  proportions  of  castings  will  result  in  increased  strength  and 
economy,  besides  the  avoidance  of  annoying  crooked  castings 
and  mysterious  breakdowns. 

DISCUSSION. 

Mi\  W.  J,  Keep. — Mr.  Schumann  has  presented  much  of  the 
existing  knowledge  regarding  cast  iron  in  a  very  condensed 
form.     A  large  portion  of  this  knowledge   has   resulted   from 
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the  investigation  of  the  Testing  Committee,  and  is  to  be  found 
in  its  monographs  in  the  Society's  Transactions. 

He  treats  cast  iron  as  though  it  were  a  definite  substance 
with  fixed  and  known  qualities,  whereas  no  two  castings  are 
exactly  alike.  He  pays  no  attention  whatever  to  the  chemical 
composition  of  the  castings  that  he  treats.  For  example,  he 
says  that  slow  cooling  increases  the  resistance  to  shock, 
whereas  this  depends  upon  the  chemical  composition  of  the 
casting.  If  silicon  is  so  low  as  to  make  the  casting  brittle, 
this  is  true ;  but  if  the  silicon  is  high  enough  to  entirely  remove 
brittleness,  then  any  enlargement  and  loosening  of  the  crystals 
by  slow  cooling  will  lessen  resistance  to  shock  as  well  as  to  a 
dead  load. 

The  author  assumes  that  the  decrease  in  the  rate  of  cooling 
due  to  an  increase  in  the  size  of  a  casting  is  directly  propor- 
tional to  the  shrinkage,  which  is  not  the  case.  The  only  com- 
parison of  test  bars  of  various  sizes  that  should  be  made  is  of 
those  which  have  been  cast  at  one  time  under  exactly  similar 
conditions  and  from  iron  of  uniform  chemical  composition.  If 
the  same  iron  has  been  put  into  all  of  the  moulds,  then  any 
difference  in  the  chemical  or  physical  composition  in  the  test 
bars  of  different  sizes,  will  have  been  caused  by  the  variation  in 
the  time  of  cooling. 

Mr.  Schumann  has  used  the  term  contraction,  when  the  com- 
mon usage  the  world  over  is  to  call  this  decrease  in  size  of  a 
casting  shrinkage.  If  the  shrinkage  of  a  series  of  test  bars  of 
different  sizes  made  as  just  described  is  plotted,  the  line  joining 
the  records  will  be  a  part  of  an  ellipse.  Now  if  we  vary  the 
silicon  and  pour  with  this  iron  another  set  of  bars  and  plot 
the  shrinkages,  the  curves  will  be  another  part  of  the  same 
ellipse  ;  that  is,  the  curve  will  be  different  for  each  composition 
of  iron.  The  curves  resulting  from  the  plotting  of  the  strength 
of  the  same  test  bars  is  a  part  of  a  parabola,  and  the  curve 
from  another  set  of  bars  with  the  silicon  varied  will  be  another 
part  of  tbe  same  parabola.  Professor  Benjamin,  in  the  discus- 
sion of  the  paper  at  the  St.  Louis  meeting,  "  Strength  of  Cast 
Iron,"  proposed  a  revised  formula  for  computing  the  strength 
of  one  size  of  casting  from  data  obtained  by  testing  a  test  bar 
of  a  different  size.  Mr.  Schumann  now  proposes  a  formula  to 
compute  the  shrinkage  of  any  size  of  casting.  If  the  records 
obtained  by  either  of  these  formulas  are  plotted,  the  curve  will 
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be  a  straight  line,  which  does  not  conform  to  the  record  of  the 
actual  test  bars.  A  graphic  solution  for  both  shrinkage  and 
strength  seems  to  be  the  only  one  which  will  take  in  all  of  the 
conditions.  By  this  method  the  shrinkage  of  any  section  of  a 
casting  can  be  approximated  with  very  little  calculation. 

The  author  speaks  of  a  definite  shrinkage  of  a  one -inch  square 
test  bar  for  an  average  quality  of  foundry  iron.  As  each  size  of 
casting,  to  obtain  the  best  results,  requires  a  different  percentage 
of  silicon,  so  as  to  bring  the  shrinkage  of  each  to  i  of  an  inch 
per  foot,  the  one-inch  test  bar  made  with  each  size  of  casting  must 
have  a  different  shrinkage,  and  there  can  therefore  be  no  such 
thing  as  an  average  quality  of  foundry  iron.  He  says  also  that 
the  size  of  the  test  bar  should  vary  with  each  variation  of  com- 
bined carbon.  The  percentage  of  silicon  determines  the  quantity 
of  combined  carbon.  Silicon  can  be  varied  with  the  greatest 
facility,  and  by  its  decrease  of  combined  carbon  it  decreases 
shrinkage. 

The  thing  desired  is  a  means  of  determining  the  percentage 
of  silicon  without  a  chemical  analysis,  and  the  variation  in  the 
shrinkage  of  any  one  size  of  test  bar  will  show  this. 

Mr.  Schumann  states  that  in  castings  in  which  a  larger  mass 
is  joined  to  a  smaller  mass  the  greatest  shrinkage  will  occur  in 
the  larger  mass. 

Thinking  this  statement  in  error,  I  made  the  following  castings : 

Fig.  147  has  the  cross  section  of  his  Fig.  135. 

Fig.  148  has  the  cross  section  of  the  portion  of  Fig.  147  from 
the  base  to  the  line  n — n. 

Fig.  149  has  the  cross  section  of  the  portion  of  Fig.  147  from 
the  line  n — n  to  the  apex. 

Fig.  150  has  the  cross  section  of  Fig.  134,  but  is  one-fourth  size 
to  conform  in  size  with  Fig.  147. 

Fig.  151  has  the  cross  section  of  Fig.  150  from  the  base  to  the 
line  n — n. 

Fig.  152  has  the  cross  section  of  Fig.  150  from  the  line  n — n 
to  the  top. 

Fig.  153  has  a  cross  section  one-half  inch  square.  Fig.  154  has 
a  cross  section  ^V-  i^^ch  x  1  inch.  These  are  the  ordinary 
"Keep's  test  bars." 

All  the  test  bars  were  one  foot  long,  having  been  cast  in  yokes 
12^  inches  between  the  ends.  The  castings  instantly  shrunk 
away  from  the  chilling  faces,  the  gates  were  broken  off  before 
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the  iron  had  set,  and  the  sand  of  the  mould  was  not  held  by  a 
flask,  so  that  the  shrinkage  of  the  casting  was  not  influenced  in 
any  way.  The  iron  was  taken  from  the  cupola  in  a  dO-pound 
ladle  at  the  middle  of  the  heat,  and  it  took  l^  minutes  to  fill 
the  moulds. 

The  average  strength  of  three  ^-inch  square  test  bars  was  416 
pounds,  the  average  deflection  0.25  inch;  deflection  at  300 
pounds,  0.17  inch ;  set  at  300  pounds,  0.02  inch ;  depth  of  chill, 
0.05  inch.  The  percentage  of  silicon  is  by  Messrs.  Dickman  & 
Mackenzee,  of  Chicago.  The  following  are  estimated :  G.  C,  3.05 ; 
C.  C,  0.09 ;  P,  0.975 ;  S,  0  088 ;  Mn,  0.50.  None  of  these  castings 
behave  as  suggested  by  Mr.  Schumann.  In  every  case  the  thin 
edge  shrinks  most  and  is  concave.  (The  reason  for  a  diflference 
between  the  curves  on  the  thick  and  thin  edges  was  that  the 
casting  was  slightly  strained  by  the  gate  which  was  placed  on 
the  top  at  the  centre.  The  shrinkage  at  the  thick  edge  of  Fig. 
150  is  more  than  Fig.  151,  but  such  variations  are  very  common 
in  cast  iron  and  are  caused  by  local  conditions.)  Each  casting 
conforms  to  the  law  that  a  small  casting  from  the  same  iron 
shrinks  most. 

If  you  will  take  my  shrinkage  chart  (Transactions,  vol.  xvii, 
page  683),  and  will  draw  a  curve  for  .121  shrinkage  of  a  ^-inch 
bar,  and  locate  on  it  the  points  from  the  column  of  ratios  in 
Table  I.,  you  will  find  that  the  actual  shrinkages  correspond  with 
the  approximations  found  from  the  chart,  which  speaks  well  for 
the  graphic  method. 

In  any  casting  consisting  of  thick  and  thin  portions,  neither 
portion  will  shrink  exactly  as  indicated  by  the  shrinkage  chart, 
because  the  thin  portion  receives  much  heat  by  conduction 
from  the  thick  part,  and  the  thick  part  will  therefore  cool  faster 
and  the  thin  part  slower  than  if  separated  from  each  other.  If 
taken  as  a  whole,  the  shrinkage  will  be  as  the  chart  indicates. 

Mr.  Schumann  and  all  founders  have  come  across  many  castings 
in  which  the  thin  portion  seems  longer  than  the  thick  portion 
after  the  casting  is  cold.  A  casting  with  the  silicon  of  Fig.  155 
or  156,  or  like  Fig.  157,  in  which  the  thin  part  is  attached  to  the 
thick  part  only  at  the  ends,  each  will  show  a  convex  curve  at  the 
thin  edge.  In  a  casting  with  a  thin  web,  having  a  heavy  edge  on 
four  sides  or  circular,  below  the  web,  the  thin  centre  will  bulge 
up  as  shown  by  the  dotted  line.  I  think  these  examples  cover  all 
those  given  by  Mr.  Schumann.     There  is  no  deviation  from  the 
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general  law  that  the  thin  casting  shrinks  most,  and  there  is  no 
neecJof  reference  to  "volumnar  contraction."  In  the  paper, 
"Keep's  Cooling  Curves,"  Transactions^  vol.  xvi,  page  1126, 
Fig.  308,  referring  to  the  cooling  curve  of  a  test  bar  ^  inch  x  1  inch, 
and  the  curve  of  the  bar  one  inch  square,  and  imagine  a  curve 
between  them  for  a  bar  5^  inch  x  1  inch,  and  supposing  that  in 
the  sections  of  Figs.  150  to  152  the  thin  parts  are  one-eighth 
inch  thick,  and  the  thick  parts  are  ^  inch  wide  x  1  inch  high, 
the  part  of  the  casting  one-eighth  inch  thick  will  become  crys- 
talline in  one  minute,  and  in  five  minutes  it  will  shrink  .068 
inch  per  foot ;  at  this  time  the  thick  portion  will  just  become 
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crystalline  and  will  begin  to  shrink.  In  becoming  cold  the  thick 
part  will  shrink  .114  inch  while  the  thin  part  will  complete 
the  remaining  .068  incL  This  will  leave  the  thin  part  .046 
inch  longer  than  the  thick  part  and  it  will  bow  away  from  the 
thick  part  or  sideways  in  Fig.  157.  If  the  thick  part  of  Fig.  157 
was  attached  throughout  the  length  by  a  very  thin  web,  in  such 
a  way  that  the  shrinkage  could  progress  in  the  same  way  as 
when  separated,  the  thick  part  would  be  concaved  toward  the 
thin  part. 

3fr.  J.  L.  GoheHle. — Those  of  us  who  saw  Mr.  Keep's  device 
at  work  in  Detroit,  learned  a  little  about  contraction  of  metal. 
The  fact  is,  there  is  a  moment  where  there  is  a  temporary  stop- 
page and  then  a  slight  expansion,  and  we  may  have  all  the 
formulas  that  have  ever  been  put  before  the  American  Society — 
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which  would  be  quite  a  lot — and  never  learn  how  to  design  a 
pattern  so  that  the  casting  could  be  properly  made.  Now  if  you 
will  imagine  a  cylinder  of  any  size  with  a  smaller  cylinder  at 
right  angles  to  it,  the  smaller  cylinder  having  a  flange,  you  will 
see  that  the  flange  and  the  larger  cylinder  will*  continue  to  con- 
tract after  this  moment  has  been  reached  for  the  smaller  cylinder. 
The  inside  nearest  to  the  core  being  less  apt  to  cool  than  the 
outside,  there  will  be  a  strain  on  the  inside  while  the  outside 
will  remain  apparently  perfect  Then  this  moment  being  passed 
and  this  temporary  expansion  moment  also,  it  continues  again 
to  contract,  and  that  casting  goes  in  the  machine  and  is  put 
out  with  the  supposition  that  it  is  perfectly  sound ;  yet  it  is  unfit 
for  heavy  duty.  For  an  extreme  illustration  of  a  difficult  pattern 
to  cast,  imagine  a  plate  one-fifteenth  of  an  inch  thick  and  one 
foot  by  two  feet  in  size ;  on  three  sides  of  this,  a  flange  one  inch 
and  an  eighth  thick,  but  the  thickness  of  the  other  long  side  is 
still  only  one-fifteenth  of  an  inch.  That  is  a  somewhat  difficult 
thing  to  make  by  means  of  any  formula.  It  will  act  just  con- 
trary to  ordinary  rules.  Tou  would  think  from  the  thickness  of 
the  flange,  cooling  slower  than  the  thin  edge,  that  there  would 
be  a  fracture,  or  a  strain  that  would  lead  to  breakage.  But  that 
is  not  so.  Frequently  in  mountainous  countries  it  is  necessary 
to  make  stoves  very  Ught.  In  fact  I  have  made  several  cast-iron 
stoves  of  good  size,  large  enough  for  an  ordinary  family,  the 
contract  being  that  they  should  weigh  less  than  95  pounds, 
because  they  had  to  be  carried  on  the  backs  of  mules  over  moun- 
tains, and  there  was  a  limit  of  100  pounds  to  every  package. 
When  you  come  to  decide  in  the  drawings  for  castings  of  one- 
fifteenth  or  even  less  in  thickness  which  have  to  be  carted  over 
mountains  on  mules,  it  becomes  a  question  of  expedients — of 
casting  on  other  parts  which  can  be  easily  broken  off,  and  so  de- 
signing a  pattern  that  one  may  be  able  to  take  observations  of 
any  special  piece  while  cooling.  It  is  not  unusual  in  some  cast- 
ings of  that  kind  to  make  ten  or  even  twelve  before  you  get  a 
good  one.  Each  one  will  develop  some  separate  type  of  mean- 
ness. I  believe  that  the  whole  secret  of  designing  patterns  for 
castings,  especially  for  steel  castings — is  uniformity.  I  might  say 
right  here  that  the  steel  business,  perfect  as  it  is,  is  yet  an  ex- 
periment, for  while  some  steel  works  insist  on  having  a  quarter 
of  an  inch  allowance  for  shrinkage,  others  want  a  minus  quan- 
tity.    The  difference  in  the  allowance  for  shrinkage  in  certain 
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identical  forms  in  this  country  is  five-sixteenths  of  an  inch — the 
difference  demanded  by  the  proprietors.  Every  one  has  a  dead 
secret  and  no  one  is  to  divulge  why  they  have  this  or  that 
allowance.  What  we  want  is  uniformity  of  design  in  the  parts, 
so  that  one  part,  especially  where  it  connects  to  larger  parts,  will 
not  be  so  light  as  to  cool  too  quickly ;  and  this  moment  of  tem- 
porary stoppage,  and  the  consequent  expansion  before  again 
contracting,  must  be  nearly  uniform  throughout  the  casting.  A 
simple  expedient  for  a  casting  such  as  I  have  suggested  (the 
larger  cylinder  with  a  smaller  one  at  right  angles,  each  with  a 
heavy  flange)  is  to  cast  on  the  smaller  cylinder  four  ribs— 
which  hold  the  heat  and  bring  the  moment  of  temporary  stop- 
page to  the  point  of  the  two  larger  members  on  either  end. 

Mr,  Ous.  C,  Ilenning. — The  paper  was  received  so  late  that 
neither  Mr.  Keep  nor  myself  had  a  chance  to  study  it  up  care- 
fully, but  Mr.  Keep  with  his  usual  energy  "  pushed  right  ahead," 
as  they  say,  and  made  a  few  tests,  and  then  compared  results 
with  the  papers  that  have  been  presented  here,  mainly  by  him- 
self on  behalf  of  i  he  committee.  I  would  like  to  add  a  few  re^larks 
of  my  own.  In  Mr.  Schumann's  paper  I  was  struck  by  the  facility 
of  some  investigators  using  mathematics  and  determining  the 
same  things  that  others  do  practically  who  are  not  used  to  hand- 
ling formulas.  And  of  course  I  have  noticed  that  Mr.  Keep  points 
out  here  that  the  results  pointed  out  in  the  committee  work  are 
in  most  respects  practically  identical  with  what  Mr.  Schumann 
now  states.  But  of  course  Mr.  Schumann  is  working  under 
slightly  different  conditions.  He  is  working  on  very  large 
masses  under  the  conditions  existing  in  a  foundry,  while  in  our 
case  we  are  doing  experimental  work,  or  scientific  experimental 
work,  in  a  foundry  under  practical  conditions,  but  conditions 
which  we  could  readily  control.  It  is  a  different  thing  to  make 
a  casting  four  feet  long  from  making  a  casting  two  feet  long, 
especially  when  simply  making  straight  bars  in  the  way  we  did 
instead  of  these  rather  difficult  castings,  because  the  metal 
running  in  the  mould  and  the  different  thickness  of  sand  on  the 
sides  of  the  metal  exert  great  influence,  as  Mr.  Schumann  points 
out.  In  our  case  we  tried  to  control  that  by  always  having  the 
sand  outside  of  the  bar  about  the  same  in  every  case.  If  you 
have  a  very  thin  layer  of  sand,  as  Mr.  Schumann  points  out  here, 
then  the  effect  of  rapidity  of  cooling  will  be  very  marked,  while 
if  you  keep  the  thickness  of  the  sand — I  did  not  mean  to  say 
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which  would  be  quite  a  lot — and  never  learn  how  to  design  a 
pattern  so  that  the  casting  could  be  properly  made.  Now  if  you 
will  imagine  a  cylinder  of  any  size  with  a  smaller  cylinder  at 
right  angles  to  it,  the  smaller  cylinder  having  a  flange,  you  will 
see  that  the  flange  and  the  larger  cylinder  will*  continue  to  con- 
tract after  this  moment  has  been  reached  for  the  smaller  cylinder. 
The  inside  nearest  to  the  core  being  less  apt  to  cool  than  the 
outside,  there  will  be  a  strain  on  the  inside  while  the  outside 
will  remain  apparently  perfect  Then  this  moment  being  passed 
and  this  temporary  expansion  moment  also,  it  continues  again 
to  contract,  and  that  casting  goes  in  the  machine  and  is  put 
out  with  the  supposition  that  it  is  perfectly  sound ;  yet  it  is  unfit 
for  heavy  duty.  For  an  extreme  illustration  of  a  difficult  pattern 
to  cast,  imagine  a  plate  one-fifteenth  of  an  inch  thick  and  one 
foot  by  two  feet  in  size ;  on  three  sides  of  this,  a  flange  one  inch 
and  an  eighth  thick,  but  the  thickness  of  the  other  long  side  is 
still  only  one-fifteenth  of  an  inch.  That  is  a  somewhat  difficult 
thing  to  make  by  means  of  any  formula.  It  will  ant  just  con- 
trary to  ordinary  rules.  Tou  would  think  from  the  thickness  of 
the  flange,  cooling  slower  than  the  thin  edge,  that  there  would 
be  a  fracture,  or  a  strain  that  would  lead  to  breakage.  But  that 
is  not  so.  Frequently  in  mountainous  countries  it  is  necessary 
to  make  stoves  very  light.  In  fact  I  have  made  several  cast-iron 
stoves  of  good  size,  large  enough  for  an  ordinary  family,  the 
contract  being  that  they  should  weigh  less  than  95  pounds, 
because  they  had  to  be  carried  on  the  backs  of  mules  over  moun- 
tains, and  there  was  a  limit  of  100  pounds  to  every  package. 
When  you  come  to  decide  in  the  drawings  for  castings  of  one- 
fifteenth  or  even  less  in  thickness  which  have  to  be  carted  over 
mountains  on  mules,  it  becomes  a  question  of  expedients — of 
casting  on  other  parts  which  can  be  easily  broken  off,  and  so  de- 
signing a  pattern  that  one  may  be  able  to  take  observations  of 
any  special  piece  while  cooling.  It  is  not  unusual  in  some  cast- 
ings of  that  kind  to  make  ten  or  even  twelve  before  you  get  a 
good  one.  Each  one  will  develop  some  separate  type  of  mean- 
ness. I  believe  that  the  whole  secret  of  designing  patterns  for 
castings,  especially  for  steel  castings — is  uniformity.  I  might  say 
right  here  that  the  steel  business,  perfect  as  it  is,  is  yet  an  ex- 
periment, for  while  some  steel  works  insist  on  having  a  quarter 
of  an  inch  allowance  for  shrinkage,  others  want  a  minus  quan- 
tity.    The  difference  in  the  allowance  for  shrinkage  in  certain 
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identical  forms  in  this  country  is  five-sixteenths  of  an  inch — the 
difference  demanded  by  the  proprietors.  Every  one  has  a  dead 
secret  and  no  one  is  to  divulge  why  they  have  this  or  that 
allowance.  What  we  want  is  uniformity  of  design  in  the  parts, 
so  that  one  part,  especially  where  it  connects  to  larger  parts,  will 
not  be  so  light  as  to  cool  too  quickly ;  and  this  moment  of  tem- 
porary stoppage,  and  the  consequent  expansion  before  again 
contracting,  must  be  nearly  uniform  throughout  the  casting.  A 
simple  expedient  for  a  casting  such  as  I  have  suggested  (the 
larger  cylinder  with  a  smaller  one  at  right  angles,  each  with  a 
heavy  flange)  is  to  cast  on  the  smaller  cylinder  four  ribs— 
which  hold  the  heat  and  bring  the  moment  of  temporary  stop- 
page to  the  point  of  the  two  larger  members  on  either  end. 

Mr,  Ous.  C.  Henning. — The  paper  was  received  so  late  that 
neither  Mr.  Keep  nor  myself  had  a  chance  to  study  it  up  care- 
fully, but  Mr.  Keep  with  his  usual  energy  "  pushed  right  ahead," 
as  they  say,  and  made  a  few  tests,  and  then  compared  results 
with  the  papers  that  have  been  presented  here,  mainly  by  him- 
self on  behalf  of  t  he  committee.  I  would  like  to  add  a  few  re^larks 
of  my  own.  In  Mr.  Schumann's  paper  I  was  struck  by  the  facility 
of  some  investigators  using  mathematics  and  determining  the 
same  things  that  others  do  practically  who  are  not  used  to  hand- 
ling formulas.  And  of  course  I  have  noticed  that  Mr.  Keep  points 
out  here  that  the  results  pointed  out  in  the  committee  work  are 
in  most  respects  practically  identical  with  what  Mr.  Schumann 
now  states.  But  of  course  Mr.  Schumann  is  working  under 
slightly  different  conditions.  He  is  working  on  very  large 
masses  under  the  conditions  existing  in  a  foundry,  while  in  our 
case  we  are  doing  experimental  work,  or  scientific  experimental 
work,  in  a  foundry  under  practical  conditions,  but  conditions 
which  we  could  readily  control.  It  is  a  different  thing  to  make 
a  casting  four  feet  long  from  making  a  casting  two  feet  long, 
especially  when  simply  making  straight  bars  in  the  way  we  did 
instead  of  these  rather  difficult  castings,  because  the  metal 
running  in  the  mould  and  the  different  thickness  of  sand  on  the 
sides  of  the  metal  exert  great  influence,  as  Mr.  Schumann  points 
out.  In  our  case  we  tried  to  control  that  by  always  having  the 
sand  outside  of  the  bar  about  the  same  in  every  case.  If  you 
have  a  very  thin  layer  of  sand,  as  Mr.  Schumann  points  out  here, 
then  the  effect  of  rapidity  of  cooling  will  be  very  marked,  while 
if  you  keep  the  thickness  of  the  sand — I  did  not  mean  to  say 
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the  thickness  for  all  same  bars,  but  the  same  relative  thickness 
for  all  the  bars ;  larger  for  the  large  bars  and  smaller  for  the  small 
bars,  so  that  the  rate  of  cooling  is  practically  the  same  in  all  the 
bars— then  you  will  probably  get  results  which  are  more  nearly 
comparable,  and  in  our  work  we  have  always  been  cautious  to 
try  to  eliminate  all  possible  disturbing  influences.  For  that 
reason,  I  think,  we  have  found  results  which,  it  may  seem,  in 
some  respects  differ  from  ordinary  foundry  practice,  because  we 
had  to  begin  on  a  uniform  basis  before  we  went  into  the  more 
complex  problems  such  as  you  will  meet  in  most  ordinary 
work  when  using  patterns  of  almost  any  shape. 

I  think  on  the  second  page  of  Mr.  Schumann's  paper  he  does 
not  speak  with  sufficient  precision  in  regard  to  the  shrinkage, 
or  contraction,  as  he  calls  it,  of  bars  at  high  temperatures.  At 
the  top  of  the  page  he  says  that  the  "  changes  are  greater  than 
the  changes  in  heat,"  but  does  not  adduce  any  proofs  for  this 
statement,  and  makes  no  allowance  for  **  recalescence."  Well, 
we  have  found  distinctly,  that,  provided  the  silicon  was  of  the 
proper  proportion,  it  did  not  vary  that  way  at  all ;  that  in  fact 
there  was  an  expansion  there  which  was  very  marked.  It  is  the 
same  expansion  which  I  think  has  been  noticed  as  long  ago  as 
1834 ;  only  while  it  was  known  to  exist  in  some  cases,  it  had 
never  been  defined  until  these  experiments  made  by  Mr.  Keep 
for  the  committee,  and  the  exact  conditions  of  expansion  and 
contraction,  as  affected  by  volume  of  casting  and  rate  of  cooling, 
are  clearly  shown  in  the  various  tables  and  curves  given  in  our 
reports.  Between  the  liquid  and  solid  states  a  very  marked  ex- 
pansion, instead  of  constant  contraction  under  decreasing  tem- 
perature, was  found,  and  that  has  been  traced,  as  you  will  see 
from  the  paper  on  cooling  curves,  not  only  in  cast  iron  but  also 
in  wrought  iron  and  steel ;  there  is  not  a  steady  contraction, 
but  there  is  a  distinct  and  very  large  and  long-continued  expan- 
sion, until  the  temperature  of  the  iron  falls  from  melting  to  a 
rather  dull  red.  But  after  that  moment  there  is  always  a  con- 
tinued contraction  with  some  direct  relation  to  the  fall  in 
temperature.  We  have  not  yet  been  able  to  have  a  furnace 
constructed  which  will  lend  itself  to  determine  the  rate  of  con- 
traction with  scientific  precision,  but  we  hope  to  be  able  to  do 
that  very  soon,  and  then  to  report  the  results  to  the  Society 
later  on.  I  think  Mr.  Schumann's  paper  is  a  very  valuable  one. 
It  shows  what  accuracy  can  be  reached  by  careful  study  of  the 
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materials  and  methods  which  are  used  in  the  foundry,  although  I 
believe  that  the  methods  can  hardly  be  used  in  most  foundries 
for  the  reason  that  they  have  not  men  like  Mr.  Schumann  at  the 
head  who  know  how  to  handle  formulas  and  have  time  to  work 
them  out.  They  go  by  rule  of  thumb.  But  I  am  sure  that  Mr. 
Schumann's  paper  ought  to  be  a  very  valuable  one  for  our  better 
foundries. 

Mr.  Schumann. — ^I  hope  that  this  subject  will  be  fully  dis- 
cussed, because  it  is  a  very  important  one.  What  this  paper 
contains  are  merely  the  principles.  The  point  is,  Can  we  deter- 
mine the  deformations  in  castings  on  a  thoroughly  rational  and 
scientific  basis  ?  I  maintain  that  we  can.  Can  we  not  possibly, 
by  unanimous  consent,  discuss  the  question  more  fully,  pro  and 
con? 

I  desire  to  take"  up  Mr.  Keep's  test  bars  regarding  the  shrink- 
age between  the  yokes.  After  gentlemen  have  said  what  they 
desire,  I  would  ask  the  liberty  of  making  a  few  further  remarks. 

Mr.  Henning.—l  would  like  to  say  to  Mr.  Schumann  that  that 
will  undoubtedly  come  up  when  the  committee  reports.  We 
have  been  trying  to  get  such  information  from  practical  found- 
ers, but  they  do  not  come  forward.  Mr.  Schumann  is  the  first 
wlio  has  ever  given  any  work  of  this  kind  on  an  accurate  basis 
to  tell  exactly  what  has  happened  in  a  foundry.  Most  of  our 
founders  are  practical  men  who  do  not  care  about  that  side  of  it 
at  all.  So  long  as  their  castings  come  out  all  right,  that  is  all 
they  care  about.  If  we  had  more  of  this  kind  of  work,  we  would 
not  have  to  do  so  much  of  that  work  ourselves,  beginning  from 
the  bottom  up  and  almost  despairing  of  getting  to  the  end  of 
our  investigations. 

Mr.  F.  H.  Richards. — This  subject  strikes  very  close  to  prac- 
tical results,  and  I  hope  that  it  may  be  continued,  not  only 
during  this  session  but  at  some  future  time,  and  that  all  who 
are  in  a  position  to  do  so  will  give  it  attention.  In  a  recent 
case  in  my  own  experience,  shafts  forming  parts  of  complex  cast- 
ings, and  varying  from  li  inches  to  4  inches  in  diameter,  and 
from  2  feet  to  8  feet  in  length,  have  been  made  in  considerable 
numbers  of  ordinary  good  foundry  iron,  the  chemical  composi- 
tion of  which  I  do  not  know,  and  it  has  been  found  in  those 
cases  that  the  length  of  the  shaft  will  vary  from  an  eighth  to  a 
quarter  of  an  inch  by  the  handling  in  the  foundry,  when  made 
from  the  same  pattern.     It  was  also  found  that  the  castings 
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came  more  uniform  if  they  were  poured  rather  cool,  if  the  iron 
is  not  too  hot.  Such  instances  are,  indeed,  quite  well  known  to 
almost  every  one  who  has  had  much  experience  in  that  kind  of 
work. 

J/r.  William  Kent — This  paper  was  not  issued  long  enough 
before  the  meeting  to  enable  members  to  study  it  and  form  a 
correct  conclusion  as  to  how  to  discuss  it.  So  I  think  it  would 
be  well  if  every  one  who  is  able  to  discuss  it,  would  say  what 
he  has  to  say  to-day,  and  then  that  this  discussion  should  be 
continued  at  the  meeting  next  spring.  The  subject  of  the 
physics  of  cast  iron  has  been  discussed  in  the  Mining  Engineers' 
Society  for  some  years,  and  we  have  discussed  some  aspects  of 
it  in  this  Society  for  four  or  five  years,  but  the  end  is  not  yet 
and  the  discussion  ought  to  be  continued.  We  now  have  some- 
thing to  study.  We  have  some  figures  and  facts  and  formulas 
here  that  require  thought ;  and  after  we  have  studied  them  we 
may  be  able  to  discuss  them.  So  I  hope  that  this  subject  will 
in  some  sort  of  way  be  made  a  feature  of  the  next  meeting  of 
the  Society — the  Physics  of  Cast  Iron. 

Mr,  Jno.  T,  Hawkins. — I  had  occasion  at  a  former  meeting  of 
the  Society,  a  year  ago  I  think,  when  a  paper  on  this  subject  was 
offered,  to  mention  the  fact  that  in  my  experience  I  had  dis- 
covered that  for  certain  kinds  of  castings,  as  uniform  in  design, 
dimension,  and  character  as  could  obtain  in  a  lot  cast  from  the 
same  pattern,  there  was  always  a  variation  in  the  amount  of 
shrinkage  as  influenced  by  the  temperature  at  which  they  were 
poured.  There  was  a  disposition  at  that  time  to  consider  that 
as  of  no  account  and  it  was  quite  strongly  contested  in  the  paper 
and  the  discussion  that  took  place  at  that  time.  But  I  am  glad 
to  see  that  the  paper  now  under  discussion  does  take  that 
feature  into  consideration,  and  takes  cognizance  of  the  well- 
known  fact  that  the  slower  any  liquid  solidifies — in  other  words, 
crystallizes — the  larger  are  the  crystals,  and  presumably  the  less 
is  the  density  of  the  soUd.  It  occurred  to  me  that,  possibly, 
the  obscured  variation  in  shrinkage  in  similar  castings  involved 
this  physical  process.  I  think  that  that  was  the  cause,  really, 
for  difference  in  the  shrinkage  of  uniformly  designed  pieces  which 
were  cast  and  were  in  every  way  exactly  alike,  except  that  they 
were  poured  at  different  temperatures.  I  have  pictured  to  my 
mind  something  of  this  kind  of  condition,  particularly  in  cast- 
ings of  very  considerable  volume,  that  when  the  cooling  from 
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a  high  liquid  temperature  takes  place,  at  first,  as  has  been 
shown  and  as  we  generally  have  admitted,  an  expansion  takes 
place  from  the  high  liquid  temperature  down  to  somewhere  near 
the  temperature  where  solidification  takes  place.  Now,  in  a  cast- 
ing of  very  considerable  volume  we  know  that  the  superficies 
must  become  solidified  before  the  interior,  and  that  a  slower 
cooling  of  the  interior  will  cause  larger  crystals  and  make  the 
density  of  the  central  portion  of  the  body  of  the  casting  less 
than  it  would  be  if  it  all  cooled  at  an  equal  rate  with  the 
exterior.  I  think  that  there  is  a  point  which  requires  to  be 
studied  and  experimented  upon ;  that  is,  that  in  castings  which 
solidify,  as  they  all  do  in  fact,  upon  the  superficies  first,  leaving 
a  liquid  interior  enclosed  by  a  comparatively  solid  shell,  and 
then  by  the  slower  formation  and  arrangement  of  the  crystals 
in  this  liquid  interior  body  after  the  solidification  of  the  exterior, 
we  have  that  which  does  modify  the  shrinkage  to  some  consider- 
able extent — to  so  considerable  an  extent  that  any  attempt  to 
classify  or  tabulate  the  rate  of  contraction  as  being  governed 
by  the  amount  of  silicon  in  it,  becomes  vitiated  very  much.  And 
I  think  that  this  aspect  of  the  question  should  be  taken  more 
into  practical  and  experimental  consideration.  I,  unfortunately, 
have  no  means  now — having  been  out  of  business  for  some  time 
and  expecting  to  be  for  a  good  while  longer — to  make  any  further 
experiments  in  this  direction  ;  but  many  of  you  have,  and  it  is  to 
be  hoped  you  will  make  them. 

Mt\  John  A.  Brashear. — Perhaps  I  may  be  able  to  throw  a  little 
light  on  this  phase  of  the  subject,  though  it  is  perhaps  hardly  to 
be  expected  that  a  pei*son  interested  in  so  different  a  material  as 
glass  could  throw  any  light  on  cast  iron.  But  I  have  been  very 
much  interested  in  this  subject  in  the  last  twenty  years,  and 
have  often  thought  it  a  pity  we  could  not  look  into  a  casting  as 
we  can  into  a  piece  of  glass.  In  the  construction  of  a  great  tele- 
scope glass  disk,  one  of  the  most  difficult  things  which  is  met  with 
is  to  control  the  shrinkage  in  finally  cooling  the  glass  block  which 
is  melted  down  to  form  the  disk.  In  working  an  object  glass 
very  small  changes  of  temperature  have  a  serious  detrimental 
effect,  and  as  we  are  dealing  with  hundred  thousandths  of  an 
inch,  and  often  millionths  of  an  inch,  in  the  construction  of  some 
of  the  surfaces,  we  can  study  changes  which  are  going  on,  in  a 
very  marked  degree.  Now  it  is  absolutely  necessary  in  the  con- 
struction of  great  telescope  objectives  that  the  glass  be  homo- 
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geneous  in  its  annealing.  A  great  many  studies  have  been  made 
upon  this  subject.  Dr.  Schott  and  Dr.  Abbe  of  Jena,  through 
the  help  of  the  Prussian  Government,  spent  about  $15,000  or 
$20,000  upon  this  very  subject.  They  are  now  producing  glass 
of  most  beautiful  quality  so  far  as  its  annealing  is  concerned, 
and  they  find  that  when  the  temperature  comes  down  to  the 
time  of  the  formation  of  the  crystalline  structure  of  the  glass, 
that  then  is  the  critical  period  in  making  any  perfect  teles- 
cope objectives ;  and  this  temperature  is  found  to  be  about  the 
temperature  of  incandescence  or  about  997  degrees  Fahr.  I 
have  no  doubt  there  will — in  the  investigation  of  this  subject 
— be  found  a  time  which  is  critical  in  the  cooling  of  a  casting. 
I  sincerely  believe  if  you  want  to  make  strong  and  perfect 
castings,  that  if  you  can  take  them  from  the  mould  and  place 
them  in  an  oven  of  some  sort  where  the  temperature  conditions 
can  be  arranged  so  that  the  molecular  structure  may  have  time  to 
form  in  a  natural  and  normal  condition,  you  will  vastly  improve 
the  castings.  After  all,  what  is  annealing?  It  is  simply  allow- 
ing time  for  the  molecular  structure  to  form  naturally  without 
one  part  pulling  upon  the  other.  Those  of  you  who  have  broken 
a  rectangular  box  casting  through  a  corner  have  seen  that  the 
molecular  stress  has  not  only  pulled  the  crystals  apart  but 
formed  very  interesting  geometrical  figures,  the  shape  of  which 
is  a  function  of  the  geometrical  contour  of  the  casting  itself. 
I  l>elieve  if  the  subject  of  proper  cooling  of  castings  be  carefully 
and  critically  studied,  it  will  be  of  great  value  to  the  mechanic 
and  to  the  physicist.  There  is  no  doul)t  in  my  mind  that  there 
is  a  critical  time  in  the  cooling  of  any  kind  of  a  metal  casting,  the 
same  as  there  is  in  glass.  As  we  cool  our  castings  now,  the 
outside  cools  rapidly,  and  this  goes  on  in  a  lesser  degree  until 
the  centre  of  the  casting  is  reached. 

I  trust  the  investigations  now  being  carried  out  by  your  com- 
mittee will  throw  new  light  upon  this  interesting  subject.  I 
firmly  believe  that  all  material  which  is  first  made  fluid  by  lieat 
in  order  to  put  it  into  the  shapes  we  wish  it  for  use,  must  of 
necessity  cool  so  slowly  and  regularly  that  the  molecules  will 
have  ample  time  to  arrange  themselves  in  the  order  of  nature, 
«lse  molecular  strain  is  inevitable. 

J/r.  Wfhsfer, — I  desire  to  call  attention  to  an  experiment 
made  by  Mr.  I.  Lothian  Bell  in  1880.  This  "apparatus  con- 
sisted of  an  upright  cylindrical  mould,  6  feet  long  by  6  inches  in 


CONTBACnON   AND  DEFORMATION   OF   IRON  CASTINGS.        427 

diameter."  He  measured  the  expansion  which  took  place  from 
time  of  pouring.  His  results  are  given  with  description  of 
a.pparatu8  used  in  the  Jonmal  of  Iron  and  Steel  Institute,  No.  1  of 
1880. ,  His  results  are  plotted  on  the  diagram  which  I  now 
show  you  (Fig.  159).  The  expansion  lengthwise  was,  at  the  end 
of  three  hours,  I  ^  inches ;  and  at  end  of  six  hours  had  contracted 
to  original  length  of  72  inches ;  after  this  the  casting  continued  to 
decrease  in  length  for  a  period  of  eighty-four  hours,  as  shown  by 
the  heavy  line  in  the  diagram.  Mr.  Bell  took  no  other  measure- 
ments whatever,  and  his  results  cannot  be  relied  on  as  showing 
any  increase  in  volume.  Recently  Mr.  Keep  has  made  similar  ex- 
periments, but  he  also  neglected  to  take  measurements  enough 
to  show  increase  or  decrease  in  volume,  and  until  this  is  done 
we  can  place  no  reliance  whatever  on  the  results  obtained. 

Mr.  Brashear. — Did  he  have  the  temperature  coefficient 
with  it? 

Mr.  Webster. — No  ;  they  are  not  here.  But  here  it  says  for  a 
period  of  five  hours  in  a  mass  only  6  inches  in  diameter.  So 
that  indicated  expansion  did  extend  over  a  period  after  the 
material  was  solid. 

Mr,  Hennlng. — That  depends  on  the  size  of  the  casting.  We 
found  on  a  4-inch  bar  that  it  took  four  hours,  and  on  a  6-inch 
bar  it  took  five  hours. 

Mr,  WiUiam  Kent. — It  seems  that  we  will  have  to  continue 
this  discussion  at  the  next  meeting,  and  as  many  members' 
minds  will  be  devoted  to  the  subject  of  cast  iron  at  that  meet- 
ing, I  wish  some  one  would  undertake  to  answer  this  question  : 
What  is  the  diflference  between  the  Hanging  Rock  and  Salisbury 
cold-blast  charcoal  irons,  which  gave  extraordinary  records  for 
strength  twenty  or  thirty  years  ago,  and  the  ordinary  cast  iron 
of  the  present  day  which  we  are  using  in  castings  ?  Is  it  only 
a  chemical  difference  or  a  physical  difference,  or  is  it  something 
in  the  nature  of  a  mystery  that  no  one  has  yet  explained  ?  We 
do  not  believe  much  in  mystery  at  the  present  day ;  we  say  that 
physical  phenomena  should  be  explained  by  science.  But  if  it 
is  possible  to  make  in  the  blast  furnace,  as  has  been  made,  iron 
running  from  35,000  to  45,000  pounds  tensile  strength,  why 
should  the  world  continue  to  use  iron  which  has  only  from  12,000 
to  15,000  pounds  tensile  strength  ? 

3Ir,  Johnson. — I  would  just  like  to  say  in  answer  to  Mr.  Kent's 
question  about  the  Salisbury  and  Hanging  Rock  charcoal  iron, 
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which  used  to  be  obtainable  in  the  old  days,  and  which  were  so 
much  superior  to  anything  else  of  their  time  or  ours  (as  he 
thinks),  that  being  made  with  charcoal  didn't  have  a  great  deal 
to  do  with  it,  and  that  iron  of  a  similar  character  can  be  had 
to-day  made  with  coke. 

You,  Mr.  President,  have  already  explained  that  the  strength 
of  this  iron  is  due  to  low  phosphorus.  At  Emberville,  Tenn., 
they  make  a  special  low  phosphorus  iron ;  that  is,  the  phospho- 
rus is  almost  down  to  the  Bessemer  limit.  The  silicon  is  low, 
and  the  sulphur  is  guaranteed  to  be  less  than  one-twentieth  of 
one  per  cent.  This  iron  has  been  made  repeatedly  to  break  up 
to  40,000  or  42,000  pounds  per  square  inch.  That  is  about  what 
the  strength  of  the  Salisbury  iron  seems  to  have  been,  and  I 
think  it  is  due  to  the  same  causes — low  sulphur  and  phosphorus 
and  moderate  silicon. 

Mr,  Jrvo.  T,  Hawlnns, — I  would  like  to  add  one  more  word. 
I  would  like  to  corroborate  what  a  recent  speaker  has  said 
as  to  the  futility  of  casting  a  test  bar  within  a  rigid  yoke,  if  one 
of  the  objects  to  be  attained  is  to  determine  by  its  length  the 
amount  of  shrinkage.  This  physical  fact  seems  to  be  pretty 
well  established — I  think  no  one  disputes  it — that  in  pretty 
nearly  all  substances  which  are  ordinarily  capable  of  existing 
in  the  three  states  of  matter,  in  the  passage  from  the  liquid  to 
the  solid  state  there  is,  at  some  critical  period  at  or  near  this 
point,  a  very  great  change  in  its  volume,  and  that  the  point  of 
maximum  density  is  not  in  the  solid,  for  any  substance ;  that  it 
is  somewhere  in  the  liquid  state  near  the  point  of  solidification. 
That  seems  to  be  abundantly  proved  for  cast  iron  by  the 
fact  that  a  piece  of  solid  cast  iron  of  any  temperature,  if  put 
in  the  liquid  metal  at  any  temperature  whatever,  will  float 
upon  it.  There  may  be  some  things  which  modify  this  to  some 
extent,  but  it  is  almost  universal.  Ice  floats  upon  water,  show- 
ing that  the  density  of  the  solid  is  less  than  that  of  the  liquid. 
So  that  I  maintain  that,  somewhere  about  the  point  of  solidifica- 
tion there  is  some  critical  process  going  on  in  the  arrangement 
of  the  particles  or  crystals  of  the  material  which  would  very 
much  vitiate  any  attempt  to  determine  the  shrinkage,  if  the  bar 
was  cast  between  rigid  abutments ;  because  if  there  comes  a 
period  somewhere  near  solidification,  where  it  considerably 
expands,  as  we  know  it  does,  it  could  not  expand  longitudinally, 
but  would  thicken,  so  that  its  length  would  not  determine  the 
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shrinkage  afterwards.  And  I  have  been  of  the  opinion  for  a 
very  long  while  that  there  is  something  about  the  behavior  of 
all  substances,  in  passing  from  the  liquid  to  the  solid  state, 
which  is  not  fully  understood,  and  so  far  as  the  shrinkage  of 
metals  is  concerned  it  is  a  very  important  item,  and  I  am  very 
glad  to  see  that;  to  some  extent  that  factor  in  the  subject  has 
obtained  recognition. 

Mr,  Brashear. — ^It  may  be  interesting,  Mr.  Chairman,  to  state 
that  in  my  studies  of  the  various  forms  of  glass  castings  the 
molecular  strain  seems  to  be  a  function  of  the  shape  of  the 
object  itself.  If  you  take  a  circular  disk  of  any  diameter  or 
thickness,  the  cooling  seems  to  produce  a  circumferential 
molecular  strain.  The  result  of  this  is  that  breakage  is  always 
diametral  I  have  had  in  my  workshop  disks  8,  10,  even  up 
to  20  inches,  which  were  not  perfectly  annealed,  and  by  'a  little 
shock  in  the  workshop,  or  a  slight  blow  upon  the  glass  itself 
these  disks  burst  into  probably  a  thousand  pieces,  many  of  them 
in  the  shape  of  sectors  of  greater  or  less  area. 

I  have  no  doubt  that  a  proper  study  of  castings  in  regard  to 
their  shape  to  relieve  any  direct  or  angular  molecular  strain  may 
add  a  great  deal  to  the  strength  of  the  casting.  As  I  have  already 
said,  I  wish  we  could  look  through  a  casting  with  a  polariscope 
or  some  other  instrument  as  we  can  through  a  piece  of  glass,  and 
I  hope  in  the  near  future  to  give  the  Association  some  notes 
on  my  studies  of  this  interesting  and  perplexing  problem. 

The  FjeMent. — I  do  not  know  about  the  manufacture  of 
glass,  but  in  iron  they  always  radiate  from  the  centre  to  the 
periphery,  you  know,  whether  it  is  a  square  or  a  round. 

Mr.  Henning. — I  think  it  is  due  to  Mr.  Keep  that  I  say  a  few 
words  about  his  shrinkage  yoke,  because  it  is  so  generally  mis- 
understood. The  yoke  consists  of  a  bar  with  two  carefully 
ground  surfaces,  and  it  is  moulded  in  the  sand,  and  the  bar  is 
moulded  between  the  ends  ;  that  is,  the  sand  is  simply  cut  out. 
Now  the  metal  is  cast  through  a  gate,  of  course,  at  the  centre, 
and  it  rushes  and  strikes  the  chilled  surfaces  at  the  ends  at 
once.  That  is  the  first  thing  that  happens,  and  instantly, 
quicker  than  we  can  observe,  the  metal  is  chilled  to  a  certain 
depth,  depending  upon  the  character  of  the  iron.  That  is  also 
uniform  and  constant.  The  very  next  instant,  before  this  bar  is 
solid — when  it  is  still,  in  fact,  so  soft  that  it  is  quite  liquid, 
except  at  the  parts  where  a  skin,  which  is  less  than  one  one- 
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hundredth  of  an  inch  thick,  has  been  formed  by  the  liquid  coming 
in  contact  with  the  sand,  the  whole  bar  is  liquid.  The  result 
of  that  chilling  is  the  following :  The  material  draws  away  from 
the  yoke  a  measurable  distance.  We  have  found  that  out  by 
certain  means  and  methods  which  are  very  easily  demonstrated 
by  actual  test,  by  putting  in  a  little  piece  of  sheet  steel,  and  the 
moment  after  pouring  the  sheet  steel  is  drawn  out.  It  is  free ; 
it  does  not  hold  at  all.  Of  course  the  sheet  steel  is  oiled  a  little 
bit,  just  the  same  as  these  yokes  are.  The  next  effect  will  be 
that  the  sand  becomes  heated  instantly,  the  bar  expands,  and 
having  been  cleared  of  the  test  piece  growing  constantly  longer, 
of  course  it  expands  in  the  sand.  It  does  not  bear  against  the 
end  of  the  test  piece.  Therefore,  from  the  instant  of  pouring, 
the  bar  does  not  bear  against  the  yoke  any  longer,  and  the  yoke 
exerts  no  end  pressure  (demonstrated  by  actual  experiments 
and  investigation)  against  the  bar.  So  that  what  Mr.  West 
has  said  against  the  use  of  the  yoke,  and  what  Mr.  Schumann 
has  just  said,  is  due  to  a  misapprehension.  The  things  do  not 
happen  as  has  been  understood.  In  other  words,  it  is  asserted 
that  the  shrinkage  of  this  whole  bar  is  vitiated  on  account  of 
the  chilling  of  the  end.  Well,  the  chilling  of  the  end  never 
affects  the  small  bars  which  are  used  as  much  as  a  quarter  of  an 
inch  at  each  end ;  while  the  contraction  of  the  whole  bar,  or 
the  shrinkage,  is  directly  dependent  upon  the  length  of  the  bar. 
That  may  be  twelve  inches  or  more.  That  is,  half  an  inch  out 
of  twelve,  or  one-twenty-fourth  of  the  total  length  of  the  bar. 
Therefore,  if  the  total  shrinkage  of  the  bar  is  one-eighth  of  an 
inch,  the  contraction  of  the  part  of  the  bar,  which  will  be 
vitiated,  will  be  one-eighth  times  one- twenty-fourth,  which,  as 
you  see,  is  a  negligible  quantity  when  we  measure  only  to  thou- 
sandths of  an  inch,  because  the  total  shrinkage  is  so  small — 
one-eighth  of  an  inch  per  foot.  If  we  did,  then,  take  that  into 
account,  the  results  would  still  be  practically  correct,  for  this 
reason  :  This  bar  is  no  longer  against  the  chill,  but  that  mate- 
rial has  solidified  the  depth  of  the  chill,  and  we  know  from 
investigation  that  that  chilling  does  not  continue  after  the  first 
instant  of  contact  of  the  bar.  It  does  not  make  any  difference 
how  thick  we  make  this  bar  or  how  thin,  or  whether  we  intro- 
duce other  elements  which  might  change  the  chill ;  we  found  the 
chill  always  the  same,  whether  after  cutting  away  the  sand  at 
once  after  pouring,  or  allowing  the  bars  to  cool  in  the  sand. 
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shrinkage  afterwards.  And  I  have  been  of  the  opinion  for  a 
very  long  while  that  there  is  something  about  the  behavior  of 
all  substances,  in  passing  from  the  liquid  to  the  solid  state, 
which  is  not  fully  understood,  and  so  far  as  the  shrinkage  of 
metals  is  concerned  it  is  a  very  important  item,  and  I  am  very 
glad  to  see  that  to  some  extent  that  factor  in  the  subject  has 
obtained  recognition. 

Mr.  Brashear. — It  may  be  interesting,  Mr.  Chairman,  to  state 
that  in  my  studies  of  the  various  forms  of  glass  castings  the 
molecular  strain  seems  to  be  a  function  of  the  shape  of  the 
object  itself.  If  you  take  a  circular  disk  of  any  diameter  or 
thickness,  the  cooling  seems  to  produce  a  circumferential 
molecular  strain.  The  result  of  this  is  that  breakage  is  always 
diametraL  I  have  had  in  my  workshop  disks  8,  10,  even  up 
to  20  inches,  which  were  not  perfectly  annealed,  and  by  'a  little 
shock  in  the  workshop,  or  a  slight  blow  upon  the  glass  itself 
these  disks  burst  into  probably  a  thousand  pieces,  many  of  them 
in  the  shape  of  sectors  of  greater  or  less  area. 

I  have  no  doubt  that  a  proper  study  of  castings  in  regard  to 
their  shape  to  relieve  any  direct  or  angular  molecular  strain  may 
add  a  great  deal  to  the  strength  of  the  casting.  As  I  have  already 
said,  I  wish  we  could  look  through  a  casting  with  a  polariscope 
or  some  other  instrument  as  we  can  through  a  piece  of  glass,  and 
I  hope  in  the  near  future  to  give  the  Association  some  notes 
on  my  studies  of  this  interesting  and  perplexing  problem. 

The  Pjenident — I  do  not  know  about  the  manufacture  of 
glass,  but  in  iron  they  always  radiate  from  the  centre  to  the 
periphery,  you  know,  whether  it  is  a  square  or  a  round. 

Mr,  Henning. — I  think  it  is  due  to  Mr.  Keep  that  I  say  a  few 
words  about  his  shrinkage  yoke,  because  it  is  so  generally  mis- 
understood. The  yoke  consists  of  a  bar  with  two  carefully 
ground  surfaces,  and  it  is  moulded  in  the  sand,  and  the  bar  is 
moulded  between  the  ends  ;  that  is,  the  sand  is  simply  cut  out. 
Now  the  metal  is  cast  through  a  gate,  of  course,  at  the  centre, 
and  it  rushes  and  strikes  the  chilled  surfaces  at  the  ends  at 
once.  That  is  the  first  thing  that  happens,  and  instantly, 
quicker  than  we  can  observe,  the  metal  is  chilled  to  a  certain 
depth,  depending  upon  the  character  of  the  iron.  That  is  also 
uniform  and  constant.  The  very  next  instant,  before  this  bar  is 
solid — when  it  is  still,  in  fact,  so  soft  that  it  is  quite  liquid, 
except  at  the  parts  where  a  skin,  which  is  less  than  one  one- 
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hundredth  of  an  inch  thick,  has  been  formed  by  the  liquid  coming 
in  contact  with  the  sand,  the  whole  bar  is  liquid.  The  result 
of  that  chilling  is  the  following :  The  material  draws  away  from 
the  yoke  a  measurable  distance.  We  have  found  that  out  by 
certain  means  and  methods  which  are  very  easily  demonstrated 
by  actual  test,  by  putting  in  a  little  piece  of  sheet  steel,  and  the 
moment  after  pouring  the  sheet  steel  is  drawn  out.  It  is  free ; 
it  does  not  hold  at  all.  Of  course  the  sheet  steel  is  oiled  a  little 
bit,  just  the  same  as  these  yokes  are.  The  pext  effect  will  be 
that  the  sand  becomes  heated  instantly,  the  bar  expands,  and 
having  been  cleared  of  the  test  piece  growing  constantly  longer, 
of  course  it  expands  in  the  sand.  It  does  not  bear  against  the 
end  of  the  test  piece.  Therefore,  from  the  instant  of  pouring, 
the  bar  does  not  bear  against  the  yoke  any  longer,  and  the  yoke 
exerts  no  end  pressure  (demonstrated  by  actual  experiments 
and  investigation)  against  the  bar.  So  that  what  Mr.  West 
has  said  against  the  use  of  the  yoke,  and  what  Mr.  Schumann 
has  just  said,  is  due  to  a  misapprehension.  The  things  do  not 
happen  as  has  been  understood.  In  other  words,  it  is  asserted 
that  the  shrinkage  of  this  whole  bar  is  vitiated  on  account  of 
the  chilling  of  the  end.  Well,  the  chilling  of  the  end  never 
affects  the  small  bars  which  are  used  as  much  as  a  quarter  of  an 
inch  at  each  end ;  while  the  contraction  of  the  whole  bar,  or 
the  shrinkage,  is  directly  dependent  upon  the  length  of  the  bar. 
That  may  be  twelve  inches  or  more.  That  is,  half  an  inch  out 
of  twelve,  or  one-twenty-fourth  of  the  total  length  of  the  bar. 
Therefore,  if  the  total  shrinkage  of  the  bar  is  one-eighth  of  an 
inch,  the  contraction  of  the  part  of  the  bar,  which  will  be 
vitiated,  will  be  one-eighth  times  one- twenty-fourth,  which,  as 
you  see,  is  a  negligible  quantity  when  we  measure  only  to  thou- 
sandths of  an  inch,  because  the  total  shrinkage  is  so  small — 
one-eighth  of  an  inch  per  foot.  If  we  did,  then,  take  that  into 
account,  the  results  would  still  be  practically  correct,  for  this 
reason  :  This  bar  is  no  longer  against  the  chill,  but  that  mate- 
rial has  solidified  the  depth  of  the  chill,  and  we  know  from 
investigation  that  that  chilling  does  not  continue  after  the  first 
instant  of  contact  of  the  bar.  It  does  not  make  any  difference 
how  thick  we  make  this  bar  or  how  thin,  or  whether  we  intro- 
duce other  elements  which  might  change  the  chill ;  we  found  the 
chill  always  the  same,  whether  after  cutting  away  the  sand  at 
once  after  pouring,  or  allowing  the  bars  to  cool  in  the  sand. 
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shrinkage  afterwards.  And  I  have  been  of  the  opinion  for  a 
very  long  while  that  there  is  something  about  the  behavior  of 
all  substances,  in  passing  from  the  liquid  to  the  solid  state, 
which  is  not  fully  understood,  and  so  far  as  the  shrinkage  of 
metals  is  concerned  it  is  a  very  important  item,  and  I  am  very 
glad  to  see  that  to  some  extent  that  factor  in  the  subject  has 
obtained  recognition. 

Mr.  Brashear. — It  may  be  interesting,  Mr.  Chairman,  to  state 
that  in  my  studies  of  the  various  forms  of  glass  castings  the 
molecular  strain  seems  to  be  a  function  of  the  shape  of  the 
object  itself.  If  you  take  a  circular  disk  of  any  diameter  or 
thickness,  the  cooling  seems  to  produce  a  circumferential 
molecular  strain.  The  result  of  this  is  that  breakage  is  always 
diametraL  I  have  had  in  my  workshop  disks  8,  10,  even  up 
to  20  inches,  which  were  not  perfectly  annealed,  and  by  'a  little 
shock  in  the  workshop,  or  a  slight  blow  upon  the  glass  itself 
these  disks  burst  into  probably  a  thousand  pieces,  many  of  them 
in  the  shape  of  sectors  of  greater  or  less  area. 

I  have  no  doubt  that  a  proper  study  of  castings  in  regard  to 
their  shape  to  relieve  any  direct  or  angular  molecular  strain  may 
add  a  great  deal  to  the  strength  of  the  casting.  As  I  have  already 
said,  I  wish  we  could  look  through  a  casting  with  a  polariscope 
or  some  other  instrument  as  we  can  through  a  piece  of  glass,  and 
I  hope  in  the  near  future  to  give  the  Association  some  notes 
on  my  studies  of  this  interesting  and  perplexing  problem. 

The  P,reMent — I  do  not  know  about  the  manufacture  of 
glass,  but  in  iron  they  always  radiate  from  the  centre  to  the 
periphery,  you  know,  whether  it  is  a  square  or  a  round. 

Mi\  Henning. — I  think  it  is  due  to  Mr.  Keep  that  I  say  a  few 
words  about  his  shrinkage  yoke,  because  it  is  so  generally  mis- 
understood. The  yoke  consists  of  a  bar  with  two  carefully 
ground  surfaces,  and  it  is  moulded  in  the  sand,  and  the  bar  is 
moulded  between  the  ends  ;  that  is,  the  sand  is  simply  cut  out. 
Now  the  metal  is  cast  through  a  gate,  of  course,  at  the  centre, 
and  it  rushes  and  strikes  the  chilled  surfaces  at  the  ends  at 
once.  That  is  the  first  thing  that  happens,  and  instantly, 
quicker  than  we  can  observe,  the  metal  is  chilled  to  a  certain 
depth,  depending  upon  the  character  of  the  iron.  That  is  also 
uniform  and  constant.  The  very  next  instant,  before  this  bar  is 
solid — when  it  is  still,  in  fact,  so  soft  that  it  is  quite  liquid, 
except  at  the  parts  where  a  skin,  which  is  less  than  one  one- 
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hnndredth  of  an  inch  thick,  has  been  formed  by  the  liquid  coming 
in  contact  with  the  sand,  the  whole  bar  is  liquid.  The  result 
of  that  chilling  is  the  following :  The  material  draws  away  from 
the  yoke  a  measurable  distance.  We  have  found  that  out  by 
certain  means  and  methods  which  are  very  easily  demonstrated 
by  actual  test,  by  putting  in  a  little  piece  of  sheet  steel,  and  the 
Tioment  after  pouring  the  sheet  steel  is  drawn  out.  It  is  free ; 
it  does  not  hold  at  all.  Of  course  the  sheet  steel  is  oiled  a  little 
bit,  just  the  same  as  these  yokes  are.  The  next  eflfect  will  be 
that  the  sand  becomes  heated  instantly,  the  bar  expands,  and 
having  been  cleared  of  the  test  piece  growing  constantly  longer, 
of  course  it  expands  in  the  sand.  It  does  not  bear  against  the 
end  of  the  test  piece.  Therefore,  from  the  instant  of  pouring, 
the  bar  does  not  bear  against  the  yoke  any  longer,  and  the  yoke 
exerts  no  end  pressure  (demonstrated  by  actual  experiments 
and  investigation)  against  the  bar.  So  that  what  Mr.  West 
has  said  against  the  use  of  the  yoke,  and  what  Mr.  Schumann 
has  just  said,  is  due  to  a  misapprehension.  The  things  do  not 
happen  as  has  been  understood.  In  other  words,  it  is  asserted 
that  the  shrinkage  of  this  whole  bar  is  vitiated  on  account  of 
the  chilling  of  the  end.  Well,  the  chilling  of  the  end  never 
affects  the  small  bars  which  are  used  as  much  as  a  quarter  of  an 
inch  at  each  end ;  while  the  contraction  of  the  whole  bar,  or 
the  shrinkage,  is  directly  dependent  upon  the  length  of  the  bar. 
That  may  be  twelve  inches  or  more.  That  is,  half  an  inch  out 
of  twelve,  or  one-twenty-fourth  of  the  total  length  of  the  bar. 
Therefore,  if  the  total  shrinkage  of  the  bar  is  one-eighth  of  an 
inch,  the  contraction  of  the  part  of  the  bar,  which  will  be 
vitiated,  will  be  one-eighth  times  one- twenty-fourth,  which,  as 
you  see,  is  a  negligible  quantity  when  we  measure  only  to  thou- 
sandths of  an  inch,  because  the  total  shrinkage  is  so  small — 
one-eighth  of  an  inch  per  foot.  If  we  did,  then,  take  that  into 
account,  the  results  would  still  be  practically  correct,  for  this 
reason  :  This  bar  is  no  longer  against  the  chill,  but  that  mate- 
rial has  solidified  the  depth  of  the  chill,  and  we  know  from 
investigation  that  that  chilling  does  not  continue  after  the  first 
instant  of  contact  of  the  bar.  It  does  not  make  any  difference 
how  thick  we  make  this  bar  or  how  thin,  or  whether  we  intro- 
duce other  elements  which  might  change  the  chill ;  we  found  the 
chill  always  the  same,  whether  after  cutting  away  the  sand  at 
once  after  pouring,  or  allowing  the  bars  to  cool  in  the  sand. 
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Now  the  total  error  due  to  the  chilling  eflfect  of  the  yoke  is  only 
the  slight  difference  of  contraction  of  the  chilled  qaarter  of  an 
inch  at  the  ends  and  any  other  quarter  inch  in  the  bar.  We 
determined  that  the  yoke  did  not  vitiate  the  measurements  of 
total  shrinkage  of  the  bars,  as  has  been  pointed  out  repeatedly 
because  of  a  misapprehension  of  the  action  of  the  bar.  Now 
this  will  all  be  demonstrated  by  the  series  of  tests  which  are 
going  to  be  made.  "We  are  going  to  have  a  bar  free  in  the  fur- 
nace, without  the  surrounding  effect  of  chilling  materials — sand 
or  anything  else — and  will  find  the  actual  expansion  and  con- 
traction when  the  bar  is  affected  by  nothing  but  heat ;  and  in 
that  case  we  will  certainly  know  whether  the  contraction  and 
expansion  occur  before  or  after  the  period  of  solidification — 
because  we  have  determined  that  the  great  contraction  occurs 
after  solidification.  It  does  not  occur  while  the  material  is 
liquid  at  all.  Once  the  material  becomes  solid  it  begins  to 
expand  very  materially,  and  contracts  after  it  reaches  a  much 
lower  temperature,  when  the  bars  are  already  almost  rigid — not 
rigid  in  the  sense  of  a  cold  bar,  but  so  rigid  that  you  can  take 
it  out  of  the  sand  with  a  pair  of  tongs  and  it  won't  break.  Just 
before  that  instant  the  bar  will  be  solid,  but  will  break  all  to 
pieces  as  soon  as  touched  with  anything,  because  there  is  no 
cohesion,  although  the  material  is  no  longer  liquid.  But  we 
will  try  to  find  those  things  out  later  on. 

Mr.  Hawkins. — ^I  would  like  to  say  in  reference  to  the  exhibit 
just  made  that  it  does  not  in  any  way  set  aside  the  objection 
that  I  raised  to  the  yoke,  because  the  removal  of  that  little 
piece  of  steel  would  not  be  done  until  solidification  had  taken 
place  at  least  at  the  ends.  If  they  did  remove  it  before  solidifi- 
cation had  taken  place  the  metal  would  flow  to  the  yoke  and  fill 
up  the  space,  and  the  conditions  would  be  just  the  same.  So, 
of  course,  you  remove  it  after  solidification  has  taken  place. 

Mr.  Heniiing. — No,  sir. 

3Ir.  Hawkins. — Well,  then,  it  appears  to  me  that  this  expan- 
sion which  we  know  does  take  place  somewhere  at  the  point 
of  solidification  has  forced  the  metal  of  the  bar  laterally— that 
is  to  say,  thickened  the  bar  where  it  would  otherwise,  if  it 
had  perfect  freedom,  have  gone  into  lengthening  it  during  the 
expansion.  Now  if  you  haVe  obstructed  that  expansion  with  a 
yoke,  no  matter  if  you  have  removed  that  piece  of  steel  and 
given  it  freedom  during  its  contraction,  you  have  still  allowed 
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that  troublesome  element  which  governs  its  shrinkage  before  that 
was  removed  by  having  that  expansive  action  exerted  upon  the 
bar  and  exerted  to  thicken  the  bar,  so  long  as  it  could  not 
lengthen,  which  vitiates  really  what  is  the  amount  of  longi- 
tudinal shrinkage  after  you  get  through. 

With  reference  to  the  gentleman  on  my  left  who  spoke  about 
the  circular  stress  in  his  castings  of  glass,  I  think  that  that  is 
entirely  due  to  the  disk  form  of  the  casting ;  being  in  this  form 
the  strains  would  necessarily  be  in  a  circular  direction.  I  think 
that  a  good  many  here  will  remember  my  calling  attention,  in 
-discussing  the  other  paper  I  mentioned,  to  some  experiments 
made  by  a  Mr.  Jackson,  now  deceased,  of  the  then  Architectural 
Iron  Works  in  Centre  Street,  New  York ;  where  he  made  some 
very  careful  experiments— in  1873,  I  think  it  was — to  show  the 
necessity  of  the  uniform  cooling  of  a  casting  in  all  its  members. 
He  designed  a  series  of  specimen  pieces  which  were  in  various 
forms,  but  a  typical  one  was  a  fly-wheel  with  a  very  large  rim 
and  extremely  small  straight  arms.  First  he  cast  those  in  the 
ordinary  way,  uncovered  the  mould,  just  as  is  commonly  done 
in  foundries  after  the  metal  is  poured  and  solidified,  and  in 
•every  case  the  arms  drew  away  from  the  rim ;  that  is,  they 
broke  either  at  the  juncture  of  the  hub  and  the  arm,  or  the 
juncture  of  the  rim  and  the  arm.  Then  he  took  exactly  the 
same  pattern  and  moulded  the  same  casting  from  it,  but  he  also 
moulded  with  it,  from  separate  patterns,  large  chunks  of  iron, 
following  the  outline  of  the  straight  arms  and  the  rim ;  between 
«ach  one  of  those  arms  was  one  of  these  pieces,  leaving  a  thick- 
ness of  sand  between  these  chunks  and  its  casting.  Each  piece 
of  metal  between  the  arms  was  a  separate  casting.  All  were 
poured  together  and  not  uncovered;  this  simply  serving  to 
retain  the  heat  in  the  small  members  and  make  the  whole  to 
cool  uniformly.  As  the  result  of  those  two  experiments,  were 
exhibited  a  whole  lot  of  different  forms  of  casting,  where  the 
slight  members  had  become  ruptured  by  shrinkage  as  ordinarily 
cast,  whereas  the  self-same  things  cast  with  these  intervening 
<;hunks  of  metal,  and  allowed  to  cool  gradually  and  uniformly, 
were  perfectly  intact,  and  there  were  no  signs  of  strain  in  them  so 
far  as  could  be  determined.  I  merely  mention  this  to  show  that 
the  circular  shrinkage  was  simply  a  function  of  the  form  of  the 
piece  ;  that  lengthwise  contraction  does  take  place  in  such  metal 
4is  arms  of  fly-wheels,  and  many  other  forms.  One  of  the  great 
28 
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things  to  be  observed  in  cases  of  that  kind  is  simply  to  have  all 
parts  become  reduced  in  temperature  at  a  uniform  rate  after 
the  temperature  of  shrinkage  is  reached.  No  matter  how  fast  or 
how  slow  it  is,  if  it  is  all  done  alike  there  will  be  no  interior 
residual  strains  in  the  casting. 

Mr.  Ilenning, — I  would  like  to  say  that  the  very  thing  which 
Mr.  Brashear  has  pointed  out  is  one  of  the  things  which  our 
committee  have  been  trying  for  a  year  to  arrive  at.  It  has  taken 
the  manufacturers  a  year  to  study  the  structure  of  a  furnace 
which  will  allow  us  to  heat  the  bars.  Mr.  Uehling  has  promised 
to  loan  us  one  of  his  pyrometers,  and  Simonds,  of  Dayton,. 
Ohio,  are  making  an  electric  pyrometer  of  their  construction 
to  loan  us  at  the  same  time.  We  propose  to  heat  the  bars 
gradually  and  uniformly  up  to  a  certain  temperature  and  ob- 
serve by  autographic  apparatus  the  behavior  of  the  material,, 
and  then  simply  stop  the  heating  and  allow  the  furnace  to  cool 
down  and  get  the  inverse  curves,  and  by  that  means  we  will 
find  out  the  exact  point  of  time  and  temperature  at  which 
crystallization  and  all  other  physical  phenomena  in  connection 
with  the  heating  and  cooling  of  bars  takes  place.  But  if  it  takes 
us  a  year  to  try  to  get  the  apparatus,  it  will  take  us  probably  a 
little  longer  to  make  the  experiments  themselves  ;  but  we  hope 
to  do  that  without  being  able  to  see  through  the  material  as  can ' 
be  done  in  glass. 

Mr.  Francis  Schumann.* — In  my  paper  I  speak  of  "  average  gray 
foundry  irons."  I  venture  to  say  that  if  all  the  foundries  in  the 
United  States  which  make  machinery  castings  made  a  test  piece 
four  feet  long  and  one  inch  square,  the  contraction  of  such  test 
pieces  would  be  about  an  eighth  of  an  inch  to  the  foot. 

I  will  speak  first  in  relation  to  the  word  contraction  as  used 
in  my  paper.  What  word  expresses  the  opposite  of  expansion  ? 
What  word  the  opposite  of  swelling?  I  think  it  perfectly 
proper  to  adopt  the  word  "  contraction "  as  the  opposite  of 
expansion,  in  preference  to  the  word  "shrinkage."  In  the 
foundry  we  say  shrinkage — I  use  it  myself ;  but  in  a  formally 
prepared  paper  we  must  be  more  choice  in  our  language  and 
sufficiently  precise  to  exactly  express  our  meaning. 

Another  matter  is  the  determination  of  the  rate  of  contraction 
by  the  methods  of  Mr.  Keep.     I  avail  myself  of  this  oppor- 

*  Author's  closure,  under  the  Rules. 
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tunity  to  place  myself  on  record  as  being  entirely  opposed  to 
it.  Mr.  Keep  determines  the  contraction  by  casting  the  test 
bars  between  iron  yokes.  An  element  of  error  immediately 
<5reeps  in  which  at  once  spoils  the  test  pieces  as  proper  gauges 
for  determining  the  rate  of  contraction  of  a  casting  made  in 
sand  moulds.  The  effect  of  the  yokes  is  to  chill  the  ends — 
no  matter  how  quickly  they  are  removed — thus  causing  an 
increase  in  the  contraction  at  the  ends  of  the  bars,  which 
does  not  occur  when  the  yokes  are  omitted.  This  is  a  source 
of  error. 

The  proper  method  to  determine  the  rate  of  contraction  is  to 
oast  the  test  pieces  of  sufficient  length  so  that  any  change  can 
be  readily  measured,  and  errors  from  adhering  sand  or  rapping 
of  pattern  become  a  minimum.  For  instance,  in  a  casting  say 
four  feet  long  we  can  certainly  attain  a  closer  approximation  to 
the  rate  of  contraction  than  in  one  only  one  foot  long,  aside 
from  errors  by  reason  of  sudden  cooling  at  the  ends  from  the 
yokes.  I  think  the  committee  on  tests  should  consider  whether 
this  element  of  sudden  cooling  caused  by  the  yokes  is  not  a 
source  of  error. 

A  further  point  by  Mr.  Keep  is  that  I  am  wrong  in  my  views 
regarding  the  effects  when  a  light  section  is  cast  on  to  a  heavier. 
Virtually,  the  gist  of  my  paper  and  the  result  of  twelve  years  of 
observation  was  the  discovery  why  the  lesser  section  contracted 
less,  longitudinally,  than  the  heavier.  The  older  idea  was  that 
the  light  section  would  cool  first  and  contract  to  a  certain 
length,  while  the  greater  section  would  continue  to  contract  to 
a  greater  extent — right  in  contradiction  to  the  fact;  that  the 
smaller  part  was  supposed  to  contract  more  than  the  larger 
portion.  How  can  we  reconcile  this  contradiction  otherwise 
tban  by  considering  volumnar  contraction  ? 

Bearing  upon  the  remarks  of  Mr.  Brashear  as  to  the  critical 
point  in  the  cooling  of  castings,  Mr.  Wrightson  and  Mr.  Mark- 
ham,  some  years  since,  observed  expansion  after  pouring  the 
metal  in  the  mould,  occurring,  possibly,  immediately  before  or 
at  the  time  of  solidification. 

We  do  not  know  if  this  re-expansion  should  be  taken  in  the 
sense  implied.  This  apparent  re-expansion  may  be  as  follows  : 
When  the  metal  is  poured  in  the  mould  the  difference  between 
the  temperature  of  the  sand  of  the  mould  and  the  molten  iron 
is  probably  something  like  2,000  degrees  Fahr.    The  first  change 
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will  be  the  loss  of  heat  of  the  surfaces  coming  in  contact  with 
the  colder  sand  of  the  mould.  The  loss  of  temperature  at  this 
stage  will  ^  be  rapid,  causing  the  outer  film  of  the  casting  ta 
solidify.  Eventually  the  sand  will  attain  a  temperature  nearly 
that  of  the  casting.  When  this  is  reached  the  higher  tempera- 
ture of  the  internal  portions  of  the  casting,  which  are  still  in  a 
fluid  state,  will  assert  itself  to  raise  the  temperature  of  the  outer 
film,  causing  expansion,  which  will  maintain  until  complete 
solidification  of  the  casting  has  taken  place ;  after  which,  with 
the  loss  of  incandesence,  contraction  begins  and  continues  until 
the  casting  is  cold. 

I  have  never  observed  this  re-expansion  in  my  practice,^ 
although  I  have  tried  to  observe  it  by  watching  for  its  effects 
when  making  castings.  Mr.  Whitney,  of  Philadelphia,  also 
agrees  with  Mr.  Wrightson  as  to  the  existence  of  this  second 
expansion. 

My  conclusions  are,  that  to  determine  the  deformation  of  a 
casting,  test  pieces  of  the  particular  mixture  of  the  iron  to  be 
used  in  the  casting  must  be  made  from  which  the  rate  of 
contraction  is  determined,  to  be  used  as  a  basis  in  the  formula 
given.  From  the  deformation  so  found,  counter  deformation  in 
the  pattern  is  provided  to  obtain  a  normal  casting. 

If  we  make  the  cross  section  of  the  arms  of  a  fly-wheel  so  that 
its  rate  of  cooling  will  be  greater  than  that  of  the  rim,  the  initial 
stresses  to  separate  the  arm  may  be  such  as  to  be  a  grave  source 
of  weakness.  The  cross  section  should  be  so  designed  and  pro- 
portioned that  its  rate  of  cooling  should  be  the  same  as  that  of 
the  rim  so  as  to  insure  the  same  rate  of  contraction. 

The  proper  proportion  of  a  casting  is  rather  a  matter  for  the 
engineer  than  the  foundryman,  and  the  strict  observation  of 
the  laws  of  cooling  must  be  considered  as  a  most  important 
factor  in  designing  a  machine  or  structure. 
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ALUMINUM'-BRONZE  SEAMLESS  TUBING. 

BT  LEONARD  WALDO*  BBIDGBPORT,  CT. 

(Member  of  the  Society.) 
I.   THE   NATURE   OF   ALUMINUM    BRONZE. 

It  is  important  that  correct  ideas  prevail  as  to  the  nature  of  this 
commercially  new  material.  Diverse  views  have  found  expression, 
but  among  those  having  experience  and  observation  of  the  metal, 
the  opinion  that  aluminum  bronze  is  a  chemical  combination  of 
aluminum  and  copper,  according  to  definite  atomic  proportions,  is 
becoming  fixed.  It  is  a  difficult  question  of  metallurgical  chemis- 
try to  determine  the  laws  of  this  combination,  since  the  valency  of 
aluminum  is  in  doubt,  and  it  is  apparently  true  that  the  aluminide 
or  aluminides  of  copper  formed  by  the  union  of  copper  and 
aluminum  are  freely  soluble  in  molten  copper.  Whatever  the 
atomic  relations  of  the  combination  are,  we  have  the  following 
observed  facts  indicating  a  chemical  combination  between  the 
copper  and  aluminum  in  aluminum  bronze : 

1.  Under  favoring  conditions  well-developed  crystals,  showing 
fixity  of  chemical  composition  and  perfect  regularity  of  form,  are 
found  in  ingot  metal. 

I  give  in  Figs.  161,  162,  163,  164  illustrations  photographed 
from  the  beautiful  specimens  in  Mr.  E.  S.  Sperry's  collection. 
Figs.  161  and  162  are  well-marked  octahedra;  the  others  show 
more  complicated  forms. 

2.  Evidence  of  intense  chemical  action  takes  place  on  adding 
molten  aluminum  to  molten  copper.  The  evolution  of  heat  causes 
the  mass  to  rise  to  whiteness  with  free  evolution  of  gases. 

3.  The  molecular  volume  of  the  resultant  mass  is  less  than  the 
theoretical  volume.     The  specific  gravity  and  electrical  conductiv- 

*  Presented  at  the  New  York  meeting  (December,  1S96)  of  the  American 
Societj  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
TrcmMctiont. 
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will  be  the  loss  of  heat  of  the  surfaces  coming  in  contact  with 
the  colder  sand  of  the  mould.  The  loss  of  temperature  at  this 
stage  will, be  rapid,  causing  the  outer  film  of  the  casting  ta 
solidify.  Eventually  the  sand  will  attain  a  temperature  nearly 
that  of  the  casting.  When  this  is  reached  the  higher  tempera- 
ture of  the  internal  portions  of  the  casting,  which  are  still  in  a 
fluid  state,  will  assert  itself  to  raise  the  temperature  of  the  outer 
film,  causing  expansion,  which  will  maintain  until  complete 
solidification  of  the  casting  has  taken  place ;  after  which,  with 
the  loss  of  incandesence,  contraction  begins  and  continues  until 
the  casting  is  cold. 

I  have  never  observed  this  re-expansion  in  my  practice,^ 
although  I  have  tried  to  observe  it  by  watching  for  its  effects 
when  making  castings.  Mr.  Whitney,  of  Philadelphia,  also 
agrees  with  Mr.  Wrightson  as  to  the  existence  of  this  second 
expansion. 

My  conclusions  are,  that  to  determine  the  deformation  of  a 
casting,  test  pieces  of  the  particular  mixture  of  the  iron  to  be 
used  in  the  casting  must  be  made  from  which  the  rate  of 
contraction  is  determined,  to  be  used  as  a  basis  in  the  formula 
given.  From  the  deformation  so  found,  counter  deformation  in 
the  pattern  is  provided  to  obtain  a  normal  casting. 

If  we  make  the  cross  section  of  the  arms  of  a  fly-wheel  so  that 
its  rate  of  cooling  will  be  greater  than  that  of  the  rim,  the  initial 
stresses  to  separate  the  arm  may  be  such  as  to  be  a  grave  source 
of  weakness.  The  cross  section  should  be  so  designed  and  pro- 
portioned that  its  rate  of  cooling  should  be  the  same  as  that  of 
the  rim  so  as  to  insure  the  same  rate  of  contraction. 

The  proper  proportion  of  a  casting  is  rather  a  matter  for  the 
engineer  than  the  foundryman,  and  the  strict  observation  of 
the  laws  of  cooling  must  be  considered  as  a  most  important 
factor  in  designing  a  machine  or  structure. 
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(Member  of  the  Society.) 
I.   THE   NATURE   OF   ALUMINUM   BRONZE. 

It  is  important  that  correct  ideas  prevail  as  to  the  nature  of  this 
commercially  new  material.  Diverse  views  have  found  expression, 
but  among  those  having  experience  and  observation  of  the  metal, 
the  opinion  that  aluminum  bronze  is  a  chemical  combination  of 
aluminum  and  copper,  according  to  definite  atomic  proportions,  is 
becoming  fixed.  It  is  a  difficult  question  of  metallurgical  chemis- 
try to  determine  the  laws  of  this  combination,  since  the  valency  of 
aluminum  is  in  doubt,  and  it  is  apparently  true  that  the  aluminide 
or  aluminides  of  copper  formed  by  the  union  of  copper  and 
aluminum  are  freely  soluble  in  molten  copper.  Whatever  the 
atomic  relations  of  the  combination  are,  we  have  the  following 
observed  facts  indicating  a  chemical  combination  between  the 
copper  and  aluminum  in  aluminum  bronze : 

1.  Under  favoring  conditions  well-developed  crystals,  showing 
fixity  of  chemical  composition  and  perfect  regularity  of  form,  are 
found  in  ingot  metal. 

I  give  in  Figs.  161,  162,  163,  164  illustrations  photographed 
from  the  beautiful  specimens  in  Mr.  E.  S.  Sperry's  collection. 
Figs.  161  and  162  are  well-marked  octahedra;  the  others  show 
more  complicated  forms. 

2.  Evidence  of  intense  chemical  action  takes  place  on  adding 
molten  aluminum  to  molten  copper.  The  evolution  of  heat  causes 
the  mass  to  rise  to  whiteness  with  free  evolution  of  gases. 

3.  The  molecular  volume  of  the  resultant  mass  is  less  than  the 
theoretical  volume.     The  specific  gravity  and  electrical  conductiv- 

*  Presented  at  the  New  York  meeting  (Deceml>er,  1896)  of  the  American 
Societj  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
TranMetion$. 
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stresses  to  separate  the  arm  may  be  such  as  to  be  a  grave  source 
of  weakness.  The  cross  section  should  be  so  designed  and  pro- 
portioned that  its  rate  of  cooling  should  be  the  same  as  that  of 
the  rim  so  as  to  insure  the  same  rate  of  contraction. 
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atomic  relations  of  the  combination  are,  we  have  the  following 
observed  facts  indicating  a  chemical  combination  between  the 
copper  and  aluminum  in  aluminum  bronze : 

1.  Under  favoring  conditions  well-developed  crystals,  showing 
fixity  of  chemical  composition  and  perfect  regularity  of  form,  are 
found  in  ingot  metal. 

I  give  in  Figs.  161,  162,  163,  164  illustrations  photographed 
from  the  beautiful  specimens  in  Mr.  E.  S.  Sperry's  collection. 
Figs.  161  and  162  are  well-marked  octahedra;  the  others  show 
more  complicated  forms. 

2.  Evidence  of  intense  chemical  action  takes  place  on  adding 
molten  aluminum  to  molten  copper.  The  evolution  of  heat  causes 
the  mass  to  rise  to  whiteness  with  free  evolution  of  gases. 

3.  The  molecular  volume  of  the  resultant  mass  is  less  than  the 
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♦  Presented  at  the  New  York  meeting  (December,  1896)  of  the  American 
Societj  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
TranMctwns, 
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ity  are  different  from  values  based  on  the  assumption  that  the 
aluminum  and  copper  are  merely  mixed  together. 

4.  The  color  of  the  compounds  corresponding  to  the  formulae 
Cu^Al  and  Cu^Al  closely  approximate  each  other  and  a  true  gold 


Fio.  161. — Crystals  of  Aluminidb  op  Copper.    Natural  Size. 
color ;  while  the  color  of  Cu^  Al  is  distinctly  greenish  and  resembles 


5.  The  compound  resists  chemical  action  to  which  one  of  its 
components  will  sometimes  yield. 

6.  In  remelting  the  compound,  both  the  copper  and  the  alumi- 
num give  evidences  of  oxidization,  although,  if  the  aluminum  ex- 
isted in  the  free  state,  the  aluminum  only  should  oxidize,  and  the 
copper  should  be  protected  by  the  action  of  the  aluminum. 
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7.  When  aluminum  bronze  is  in  a  mass  and  the  various  parts 
are  examined  by  chemical  analysis  and  optically  with  the  micro- 
scope, it  is  found  that  every  part  of  the  solid  mass  is  identical  in 
its  chemical  composition,  and  at  no  point  is  there  any  appearance 
of  liquation  or  any  free  aluminum.    In  making  this  experiment  it 
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is  necessary  that  the  bronze  be  so  made  as  to  insure  a  perfect  fusion 
of  its  components  in  its  preparation. 

8.  Unlike  ordinary  copper  alloys,  aluminum  bronze  preserves  its 
identity  up  to  its  melting  point.  It  does  not  become  red-short, 
but  it  can  be  forged  to  a  knife  edge  at  a  bright  red  heat,  and  at 


Fig.  leti.— Aluminide  of  a>ppKR  Ckybtals.    Natukal  Size. 

this  temperature  shows  no  tendency  to  "sweat "  its  aluminum  or 
to  otherwise  change  its  chemical  relations.  The  melting  points 
of  those  compounds  corresponding  to  CU4AI  and  CugAl  are  nearly 
identical  (1,030  degrees  Cent.  =  1,886  degrees  Fahr.,  Le  Verrier). 
This  condition  is  illustrated  by  Fig.  173,  which  shows  the  two 
ends  of  an  aluminum-bronze  tube  drawn  apart  at  the  tempera- 
ture of  1,300  degrees  Fahr.  =  705  degrees  Cent.    Figs.  170  and  171 
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show  the  appearance  of  brass  under  the  eflfect  of  a  lower  temper- 
ature. 

9.  There  are  no  allotropic  forms  known  of  aluminum.  It  acts 
feebly  as  a  base,  but  in  many  known  cases  plays  the  part  of  an 
acid  radical,  forming  with  other  metals,  such  as  iron,  magnesium, 
etc.,  a  series nl:  uluminaLes.  Tiiu  cHiinvuU*ney  o(  tlie  aluminiiin  here 
is  in  tinuht.     In  the  case  of  the  cnni]K)untl  Al/'U,  and  its  class, 


£  *»  *. 


Fia.    1B4.— Al.DMIIflDK  OF  COPPEli  (  KF8TAl.ti.      NjLTUitAL  ^IZK. 

aluniiniiin  is  probably  a  tetra<L  In  the  ciise  of  alum  mum  methklei 
AliCIl^)^,  it  seems  to  be  a  iriatl.  The  equivalency  of  copprr  is  also 
in  douljt.  It  is  probably  a  dyad.  It  is  believeil  to  havo  the 
pn>|x^rty  in  certain  cases  of  becoming  a  negative  acid  radical, 
und  at  hnsl  (our  <jxi<Jes  are  known.  The  chemistry  of  tlje  cropper, 
oxygen T  and  ahiminuni  elements,  not  including  the  occhuied  g-dms 
which  are  set  free  at  ihi^  melting  temperatures,  thus  becomes 
highly  cijTnplieatetl,  ami  thofixact  reaetifjus  taking  place  must  vary 
with   varying  crucibl**  charges  and    furuaee   treatment.      Most 
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probably  there  will  be  found  to  be  a  series  of  compounds  of 
aluminum  and  copper,  and  these  compounds  may  exist  in  such 
numbers  that  we  may  find  for  practical  purposes  that  aluminum 
combines  with  copper  in  all  atomic  proportions.  Debray 
{Comptes  lieiidus^  43,  925)  points  out  that  if  AljOj  and  CuO  are 
strongly  heated  with  carbon,  we  get  the  result  CujAl.     For  con- 


FiG.  165. — Hydraulic  Draw  Benches,  Pope  Tube  Co. 


venience  of  reference,  I  give  the  more  important  percentages  of 
aluminum  which  correspond  to  the  formulaB  opposite  : 

Assninin)!:  the  atomic  weight  of  aluminum  =  27.0  and  of  copper  =  63.2. 

FOHMII.A.  ''*l".^„^^J:J'''  FOUMILA. 


Pku  Cknt.  of 
Aluminum. 


CujAl IT. 6 

Ca,Al 12.44 

Ca^Al 9.66 

Cu.Al 7.88 

CuaAl 6.65 

CuhAI 5.07 

Cu»Al 4.54 


CuioAl. 
Cu.sAl. 
Cui4Al. 
Cu.eAl. 
Cu,.Al. 
CusaAl. 


4.10 
3.44 
2.96 
2.61 
2.32 
1.32 
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It  is  perhaps  unnecessary  to  restate  ihe  above  considerations, 
which  have  led  the  best  authorities  to  the  conclusion  that  the 
so-called  alloys  of  copper  and  aluminum  must  be  considered 
as  radically  different  from  the  various  metallic  mixtures  of  copper, 
zinc,  tin,  nickel,  manganese,  and  lead  which  have  made  the  bulk 
of  the  copper  alloys  of  commerce.  There  are,  as  is  well  enough 
known,  certain  chemical  compounds  among  these  last-mentioned 
alloys.     These  chemical  compounds  are  useful  as  illustrating  in 


FiQ.  166.— Hydraulic  Draw  Bbnches  (Pope  Tube  Co.),  Feed  End. 

kind,  but  not  in  degree,  the  aflBnity  between  copper  and  alu- 
minum ;  since  even  in  such  definite  compounds  as  CuZn,  and 
SnCus  the  aflBnity  is  weak,  while  in  the  aluminum  bronzes  or 
aluminides  of  copper  there  is  no  commercial  method  of  sepa- 
rating the  two  constituents. 

The  result  of  this  chemical  union  is  the  strongest  of  the  copper 
compounds  or  alloys.  Wire  is  readily  drawn  from  it  with  a  tensile 
strength  of  180,000  pounds  per  square  inch.  Indeed,  it  is  within 
the  range  of  possibility  that,  as  the  eflfects  of  small  percentages 
of   silicon  and  other  agents  are  better  known,  cold-drawn  alu- 
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minum  bronze  may  be  made  which  shall  approach  the  highest 
attainment  of  special  steels — at  least  in  their  untempered  state. 

But  there  are  points  in  which  aluminum  bronze  seems  me- 
chanically superior  to  any  steel.  It  cannot,  at  present,  be  tem- 
pered ;  but  it  does  not  seem  to  show  any  change  in  the  nature 
of  crystallization  under  stress  or  shock.  Thin  soft  ribbon  may  be 
indefinitely  coiled  and  uncoiled  or  run  over  rollers.  A  bar  may 
be  struck  indefinitely  upon  one  end :   I  cite  an   instance  where 


Fig.  167.— Annealing  Tubes  at  the  Pope  Tube  Works. 


a  rifle  firing-pin  was  struck  over  120,000  blows  without  appar- 
ently changing  its  molecular  condition.  It  can  be  made  of  all 
degrees  of  hardness,  and  its  strength  and  percentage  of  elongation 
varied  from  40,000  to  100,000  pounds  per  square  inch,  and  from 
seventy  per  cent,  to  one  per  cent,  in  ten-inch  bars.  As  an  illus- 
tration of  this  combination  of  strength  with  ductility,  I  cite  the 
fact  that  aluminum-bronze  cartridges  made  for  the  new  small- 
calibre  low-trajectory  rifle  Avere  fired  for  more  than  ninety  con- 
secutive rounds,  charged  with  smokeless  |X)wder,  at  the  Frank- 
ford  Arsenal,  for  a  firing  test.     Added  to  these  mechanical  values 
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are  the  chemical  resistance  to  corrosive  influences  and  the  small 
electric  potential  of  the  combined  aluminum  and  copper.  The 
non-corrosiveness  is  only  excelled  by  that  of  the  noble  metals; 
and  the  low,  almost  zero,  electric  potential  of  the  aluminum 
bronze  gives  it  a  value  in  structural  engineering  which  peculiarly 
fits  it  for  acid  industrial  works  or  water-tube  boilers  and  con- 
densers. This  value  has  already  been  tested  on  a  large  scale  in 
underground  tide-water  retaining  bolts  in  our  seacoast  batteries, 


Fig.  168.— Annealing  Furnaces  at  the  Pope  Tube  Works. 

and  in  sulphite  pulp  mills  and  the  electrolytic  vats  of  large  copper 
refineries.  As  its  cost  is  reduced  by  improved  methods  of  work- 
ing, it  is  finding  its  way  into  many  uses  where  steel  or  iron  has 
a  short  life  from  rust,  inability  to  resist  corrosion,  or  lack  of 
density  and  strength. 


II.    THK    PRODUCTION    OF    SEAMLESS    TITBES. 

It  has  Ions:  been  evident  that  aluminum  bronze  was  an  ideal 
metal  for  drawn  tubes;  but  serious  difficulties  presente<l  them- 
selves at  every  stage  of  production,  from  the  ingot  down.    It  was 
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my  belief  that  the  Mannesraann  or  some  kindred  process  presented 
the  most  feasible  solution  of  getting  the  cylindrical  ingot  in  a 
sufficiently  economical  way,  and  after  the  ingot  was  obtained  that 
some  plant  capable  of  cold-drawing  the  higher  grades  of  steel  was 
necessary  to  produce  the  finished  tube.  Experiment  had  shown 
that  aluminum  bronze  was  not  to  be  economically  worked,  or  even 
worked  at  all  with  many  grades,  on  draw  benches  originally 
planned  for  copper  or  brass.      The  hardness  and  high  tensile 


Fig.  169. — Testing  Machine  at  the  Pope  Works,  arranged  with  a 
Suspended  Fdbnace  to  Test  Aluminum-bronze  Tubes  at  High 
Temperatures. 

strength  combined  were  found  to  be  destructive  to  the  dies  used 
in  the  best  hydraulic  benches  for  l)rass  and  copper.  It  remained, 
therefore,  for  the  combination  of  the  casting  plant  of  the  Waldo 
Foundry,  under  the  direction  of  its  superintendent,  Mr.  E.  S. 
Sperry,  to  furnish  the  solid  billet;  for  the  newly  introduced 
Mannesmann  plant  at  the  rolling-mills  of  Benedict  &  Burnham  at 
"Waterbury,  under  the  superintendence  of  Mr.  Chas.  S.  Morse,  to 
convert  the  solid  ingot  into  a  cylindrical  tube;  and  for  the  new 
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Fig.  170.— Govt.  Brass,  •' A.' 


Fig.  171— Ordinary  Brass,  **C." 


Pope  Tube  Works,  built  to  cold-draw  the  nickel  and  other  strong 
steels,  under  the  superintendence  of  Mr.  H.  TI.  Eames,  to  convert 
the  cylindrical  tube  billet  of  the  Mannesmann  process  into  the  fin- 


Fig.  172.— Swedish  Open-heabth       Fig.  173.— Aluminum  Bronze,  "P." 
Steel,  "  S." 
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ished  tube  for  the  market.  To  these  three  gentlemen  is  due  the 
success  of  the  process  of  which  I  have  here  for  your  inspection 
various  results. 

The  process  of  making  a  solid  aluminum-bronze  ingot  has  not 
yet  been  described.  The  system  of  solid  hot  tubular  ingot-rolling 
known  as  the  Mannesmann  process  is  outlined  in  some  detail  at 
page  384  of  the  Transactions  American  Institute  of  Mining  Engi- 
neers, vol.  xix.,  for  1891.  The  Benedict  &  Burnham  Company 
have  introduced  benefiting  changes  in  the  details  of  the  process 
there  described,  and  the  Waterbury  plant  is  a  model  of  its  kind. 
From  one  to  two  minutes  is  the  time  required  to  reduce  a  solid 
three-inch  billet  to  a  cylindrical  forging  ready  for  the  draw  bench. 

After  leaving  the  Mannesmann  rolls  the  cylindrical  aluminum- 
bronze  ingots  were  given  several  passes  on  the  draw  benches  at 
Benedict  &  Burnham's,  to  lessen  their  size  to  a  point  where  they 
could  be  taken  by  the  Pope  Company's  benches  as  at  that  time 
completed,  the  Pope  Company's  larger  benches  not  yet  being  in 
place. 

The  new  hydraulic  cold-drawing  plant  of  the  Pope  Tube 
Works  is  driven  by  two  triple-expansion,  single-acting  Riedler 
pumping  engines,  rated  at  500  horse-power  each,  but  which  can 
work  up  to  1,000  horse-power  each.  The  arrangement  is  designed 
by  E.  D.  Leavitt,  and  an  idea  of  the  total  eflBciency  may  be  had 
from  the  fact  that  1  horse-power  is  obtained  for  somewhat  less 
than  12  pounds  of  steam  with  135  pounds  initial  pressure.  These 
engines  work  through  two  hydraulic  accumulators  having  16-inch 
rams,  and  working  the  8  and  6-inch  draw  benches  with  a  maxi- 
mum pressure  at  the  benches  of  1,280  pounds  per  square  inch. 

The  78-inch  fire-tube  boilers  are  shown  in  Fig.  178.  These  boil- 
ers were  used  in  a  preliminary  test  of  the  aluminum-bronze  tubes. 
The  tubes  of  the  dimensions  shown  in  Table  I.  were  inserted  for 
twenty-four  hours  in  the  flame  of  the  fire  just  as  it  enters  the 
iron  fire  tubes  of  the  boiler.  There  was  no  water  or  other  cool- 
ing of  the  aluminum-bronze  tubes  during  this  period,  and  at  the 
end  of  the  time  no  change  was  observed  in  the  aluminum-bronze 
tube,  though  it  had  been  exposed  to  the  full  force  of  the  furnace 
fire  for  twenty-four  hours  at  the  point  the  furnace  fire  enters  the 
large  boiler. 

Figs.  165  and  166  show  the  two  ends  respectively  when  the  hy- 
draulic power  is  applied  and  when  the  tubular  ingot  is  fed  to  the 
dies  for  reduction. 
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Figs.  167  and  168  show  the  methods  adopted  for  annealing  tubes, 
which  consists  in  sealing  them  up  in  long  cast-iron  cylinders  and 
then  heating  to  a  red  heat  in  the  furnace  shown  in  Fig.  168. 

Aluminum-bronze  tubes  require  frequent  annealing  during  the 
process  of  drawing,  and  this  is  especially  true  of  the  higher  com- 
pounds, such  as  Cu^Al,  which  are  as  diflBcult  todraw  as  nickel  steel. 

It  is  known  that  up  to  the  limit  of  commercial  temperatures 
— say  400  to  500  degrees  Fahr. — aluminum  bronze  retains  its 


Fig.  178.— 78-inch  Firb-tube  Boiler,  Pope  Tube  Works. 


initial  strength.  In  this  respect  it  shows  its  great  superiority  to 
ordinary  brasses  and  bronzes.  It  was  not  known  what  the  be- 
havior of  aluminum-bronze  would  be  at  a  cherry -red  heat  or  any 
such  temperature  as  might  be  reached  by  exposing  empty  boiler 
tubes,  for  instance,  to  forced-draft  fires.  To  determine  this  in- 
teresting question,  Mr.  Souther,  in  charge  of  the  testing  depart- 
ment of  the  Pope  Works,  devised  the  arrangement  shown  in  Fig. 
169.  The  jaws  of  the  Sellers-Emery  testing  machine  are  shown 
with  an  aluminum-bronze  tube  clamped  between  them.  This  tube 
passes   through    an    asbestos-lined,  Russia-iron-covered  charcoal 
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furnace,  conveniently  hung  by  a  pulley  from  the  ceiling  of  the 
testing  room.  Passing  through  one  end  to  the  middle  of  the 
tube  are  the  platinum  and  platino-iridittm  terminals  of  a  LeChate- 
lier  pyrometer,  the  indicating  galvanometer  for  which  is  mounted 
in  the  cellar  beneath.  The  standardization  of  this  pyrometer  is 
based  upon  the  boiling  points  of  water  and  naphthalene  and  the 
melting  points  of  lead,  aluminum,  and  copper. 

Table  I.  gives  the  chemical  analysis  and  the  tests  of  the  best 
brass  tubes  the  market  now  affords,  together  with  the  tests  of 
the  same  size  tubes  of  open-hearth  Swedish  steel  and  a  low 
aluminum  bronze — about  Cu^Al,  or  a  4J  per  cent,  bronze. 


I.  Tests  of  Tubes  at  Ordinary  Tbmpebatubes,  Cold-dbawn  and  not 

Annealed. 


Analysis  at 
Pope  Manu- 

A. 

c. 

8. 

P. 

Oovenunent 

Ordinary  Brass 
Tube. 

Swedish  Open-hearth 

Alaminom  Bronce, 

Brass  Tube. 

Steel.* 

Cn,AI. 

facturing 
Co. 's  Testing 
Laboratory, 
Henry    Sou- 
ther,    Engi- 
n  eer      of 
Tests,  Nov., 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Copper,  59.86 

Copper,  67.58  .Carbon,         0.420 

Copper,       95.79 

Zinc,       89.82 

Zinc,       81.67 

Phosphoras.  0.081 

Aluminum,  4.85 

Lead,       0.85 

Lead,        0.85  Man^nese.  0.500 

Silicon,         O.Oi 

Tin,          0.018 

Tin,          0.01 

Sulphur,       0.031 
Silicon           0.110 

1896. 

Copper,         0.007 

Cold-drawn 

and  not  an- 

nealed : 

Inches. 

Inches. 

Inches. 

Inches. 

Outside  diam. . 

1.502 

1.5000 

1.504 

1.491 

Inside  diam. . . 

1.848 

1.332 

1.842 

1.811 

Area  in  sq.  in. 

0.88692 

0.89584 

0.8427 

0.42157 

Gauge  length. 

10. 

10. 

10. 

10. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Yield  point.... 

Not  defined. 

68,100 

64,200 

68,700 

Strength  per } 
sq.  in C 

77,900 

81,900 

79,800 

96,000 

T             ...        J 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Elongation    ) 
in  10  in...  f 

5.4 

9.8 

5.4 

4.9 

*  For  this  test  a  similar  tube  of  steel,  bnt  not  cat  from  the  same  tabe  as  iu  the  hot  tests  below, 
was  used.    Carbon,  0.85  per  cent. 

Table  II.  shows  the  effect  of  heating  the  aluminum-bronze  tube 
of  Table  I.  to  a  bright  red  and  then  plunging  it  into  water.  The 
ultimate  strength  of  96,000  pounds  per  square  inch  and  4.9  per 
cent,  elongation  become  changed  to  about  one-half  this  strength, 
47,600  pounds,  and  to  thirteen  times  the  per  cent,  elongation. 
This  ratio  of  change  is  at  its  maximum  in  the  low  compounds  and 
reaches  a  minimum  in  the  high  compounds  at  about  CU4AI. 
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II.  Tests  op  Tubes  at  Ordinary  Tbvprratubbs,  Cold-dbawn  and  An- 

nealed AT  A  Bed  Heat. 

p. 

Alamiimm  Bronze,  Cn^AI. 
Cold-drawn  and  annealed  at  a  red  heat : 

Oatside  diameter 1 .625  Inches. 

Inside  *'         1.415  inches. 

Area  in  square  inches 0.508  square  inch. 

Gauffe  length 10  inches. 

Yield  point 24,200  pounds. 

Stren^h  per  square  inch 47,600  pounds. 

Elongation  in  10  inches ...  04.9  per  cent. 

Table  III.  gives  the  results  of  testing  the  four  drawn  tubes  in  the 
apparatus  shown  in  Fig.  169.  Figs.  170, 171, 172,  and  173  show  the 
tubes  after  breaking  in  the  furnace.  Figs.  174,  175,  176,  and  177 
show  an  end  view  of  one-half  of  each  tube.  It  will  be  noticed  that 
while  the  brass  tubes  have  each  crumbled  and  disintegrated  at 
the  high  temperature,  the  steel  and  the  aluminum-bronze  tubes 
show  no  such  disintegration,  but  both  draw  out  to  a  thin  edge  and 
then  break.  This  is  a  most  instructive  experiment,  as  demon- 
strating the  homogeneity  of  the  aluminum  bronze.  Of  course,  at 
1,400  degrees  Fahr.  the  bronze  is  relatively  much  nearer  its  plastic 
and  melting  point,  about  1,800  degrees  Fahr.,  than  is  the  steel  which 
melts  several  hundred  degrees  higher.  The  temperature  is  an 
extreme  in  which  no  metal  can  be  serviceable. 

III.  Tests  op  Tubes  while  at  Temferatures  between  1,800°  Fahr.  and 

1,400'  Fahr. 


Temperature  to  which  heated 

Length  of  time  heated  hefore  test  was  made. 


Sectional  area  hefore  heating. 
Length  of  specimen 


Tubes  broke  at 

Maximum  strength  of  tubes  at  this  tempera- 
lure  


Elongation  of  consecutive  inches  in   the 
furnace 


Diameter  at  break. 


A. 

Govern- 
ment 
Braes 
Tube. 


1,310**  F. 
15  min. 
Inches. 
0.8866 
28.49 
less  than 
400  lbs. 
Lbe. 
1,250 
Inches. 
0.04 
.10 
.38 
.72» 
.20 
.07 
1.12 


c. 

Ordinary 
Brass 
Tube. 


Swedish 
Open- 
hearth 
Steel  Tube 


1,850**  F. 
15  min. 
Inches. 
0.8947 
24.18 
less  than 
250  lbs. 
Lbs. 
250 
Inches. 
0.02 
.10 
.45 
.68* 
.18 
.04 
1.119 


1.840^ F. 
20  min. 
Inches. 
0.3819 
24.10 
less  than 
100  lbs. 
Lbs. 
4.100 
Inches. 
0.08 
.14 
.59* 
.48 
.12 
.05 


P. 

Alumi- 
num- 
Bronze 
Tube, 
Cu,Al. 


1,410°  F. 

20  min. 

Inches. 

0.4277 
24  02 

700  lbs. 

Lbs. 

1.950 
Inches. 

0.08 
.15 

1.83* 
.88 
.09 
.02 

0.85?^ 


♦  Break  occurs. 
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Table  lY.  gives  the  results  of  a  repetition  of  the  same  testd  at 
about  1,000  degrees  Fahr.  In  these  results  we  see  the  same  excellent 
qualities  of  the  aluminum  bronze.  It  is  still  at  a  red  heat,  but 
the  metal  shows  its  serviceability  by  having  uearly  three  times 
the  strength  of  the  best  brass. 

IV.  TBiTs  OF  Tubes  whilb  at  Tbmfbbatubbs  bbtwebh  OSO**  Fahb.  akd 

1,010*  Fahb. 


OoTerD> 
ment 
Braw 
Tube. 


Temperature  to  which  heated 

Length  of  time  heated  before  test  was  made . 

Sectional  area  before  heating 


I^ength  of  specimens. 
Thickness 


Tubes  broke  at 

Maximum  strength  of  tubes  at  this  tempera- 
ture   


Elongation  of  consecutlTo  inches  in  the 
furnace  


976*  F. 
20min. 
Sq.  In. 
0.8971 
Inches. 
28.96 
0.084 
Lbs. 
Missed. 

1.000 
Inches. 
0.08 
.06 
.27 
.88» 
.07 


C. 

Ordioaiy 
Brass 
Tube. 


980**  F. 

20min. 

Sq.  In. 

0.8867 

Inches. 

24.16 

0.083 

Lbs. 

1,500 

2,750 
Inches. 
0.02 
0.10 
0.40 
0.36* 
0.10 
0.08 


S. 

Swedish 

Open- 

heerth 

Steel  Tabe 


1,010' F. 

20  min. 

Sq.  In. 

0.8816 

Inches. 

24.04 

0.081 

Lbs. 

10,000 

17.500 
Inches. 
0.01 
0.02 
0.04 
0.87» 
0  05 
0.02 


P. 

Alomf- 
nam- 
BroDze 
Tube, 
Gq^aI. 


l.OOO**  F. 
20  min. 
Sq.  In. 
0.4221 
Inches. 
24.00 


Lba 
4,000 

6,100 
Inches. 
0.02 
0.06 
0.20 
0.88* 
0.12 
0.04 


•  Break  occurs. 


Collating  the  above  results  relating  to  an  aluminum-bronze 
tube  of  an  outside  diameter  of  1.5  inches  and  a  thickness  of  .091 
inch,  we  have  the  following  data: 


4. 


Treatmbnt. 


Broken  cold 

Heated  to  bright  red,  cooled,  and  ) 
then  broken ) 

Heated  to  1,410°  Fahr.  and  broken  } 
at  that  temperatare f 

Heated  to  1 ,000*  Fahr.  and  broken ) 
at  that  temperature ) 


Ultimate  Strength. 


96,000  lbs.  per  sq.  inch. 

47,600  lbs.  per  sq.  inch. 

(  Enife-ed^e- break,  ) 

\  700  lbs.,  [ 

(  4.560  max.  ) 

(  4,000  lbs.,  I 

i  6,100  max.  ) 


Per  Cent. 
Blongation. 


4.9 
64.9 

138  in  1  inch. 

87  in  1  inch. 
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DCCXX.* 

HISTORICAL  AND    TECHNICAL  SKETCH  OF  THE 
ORIGIN  OF  THE  BESSEMER  PROCESS. 

BT  SIR  HSintT  BBBUmB,  LONDOII*  XXOLAND. 

(Honorary  Member  of  the  Socletj.) 

EvEB  mindfal  of  the  great  honor  spontaneously  conferred  on 
me  by  the  President  and  Council  of  the  American  Society  of 
Mechanical  Engineers  in  electing  me  an  honorary  member 
of  that  learned  body,  I  have  deemed  it  both  a  privilege  and  a 
duty  on  my  part  to  lay  before  them  a  brief  account  of  the  early 
origin  of  the  Bessemer  process  of  steel  manufacture,  as  deyel- 
oped  at  my  bronze  powder  manufactory  in  London. 

It  is  generally  well  known  that  this  invention  had  its  origin 
in  certain  experiments  commenced  in  January,  1855,  for  the  pur- 
pose of  improving  the  quality  of  cast  iron  employed  for  found- 
ing heavy  ordnance,  by  rendering  the  iron  more  tough,  increas- 
ing its  tensile  strength,  and  making  it  less  subject  to  injury  by 
abrasion.  I  was  aware  that  Fairbaim  and  others  had  sought  to 
improve  cast  iron  by  the  fusion  of  some  malleable  scrap  iron 
along  with  the  pig  iron  in  the  cupola  furnace;  this  fusion  of 
scrap  iron,  intermixed  with  the  mass  of  coke,  was  found  to  con- 
vert the  malleable  iron  into  white  cast-iron,  which  was  at  the 
same  time  much  contaminated  with  sulphur,  and  thus,  to  a  great 
extent,  this  method  had  failed  in  its  object.  In  my  experiments 
I  avoided  the  difficulties  inseparable  from  Fairbaim's  plan,  by  em 
ploying  a  reverberatory  furnace  in  which  the  pig  iron  was  fused 
forming  a  bath ;  into  this  bath  I  put  broken-up  bars  of  blistei 
steel,  made  from  Swedish  or  other  charcoal  iron,  its  fusion  tak- 
ing place  without  being  further  carburized  by  contact  with  the 
solid  fuel,  or  contaminated  by  the  absorption  of  sulphur.  The 
high  temperature  necessary  for  the  fusion  of  a  large  proportion 
of  steel  in  the  bath,  was  attained  by  constructing  the  fire- 

*  Presented  at  the  New  York  m>»t»ting  (December,  1896)  of  the  AmerU 
€AD  Society  of  Mechanical  Engineers,  and  formiDg  part  of  Volume  XVIII.  of  the 
Transactions. 
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grate  much  wider  than  the  bath,  by  contracting  the  width  of 
the  furnace  considerably  at  the  bridge,  and  also  by  continuing 
to  taper  the  furnace  slightly  all  the  way  from  the  fire-bridge 
to  the  downcast  flue,  which  was  connected  witb  a  tall  chimney 
shaft.  My  English  patent  for  this  arrangement  bears  date 
January  10,  1855.  Many  alterations  and  modifications  of  this 
furnace  were  made  from  time  to  time ;  it  was  found  that  the 
large  volume  of  flame  sweeping  over  the  open  hearth  of  the 
furnace  was  mixed  with  a  considerable  quantity  of  combustible 
gas,  to  consume  which  a  hollow  fire-bridge  was  employed,  hav- 
ing numerous  perforations  made  in  the  fire-clay  lum^s  of  which 
it  was  composed,  and  so  arranged  as  to  allow  jets  of  hot  atmos- 
pheric air  to  mingle  with  these  combustible  gases,  which  had 
the  eflfect  of  producing  an  intense  heat  close  down  on  the  surface 
of  the  bath  ;  it  was  also  found  that  the  admission  of  hot  air  all 
along  the  back  of  the  fire-bridge  produced  a  decarbonizing 
action  on  the  bath ;  and  hence  the  degree  of  carburation  of  the 
metal  might  be  altered  by  regulating  the  admission  of  air. 
The  flow  of  air  through  the  hollow  fire-bridge  served  also  to 
moderate  its  temperature  and  render  it  more  durable. 

Some  of  the  samples  of  metal  which  I  produced  by  this  pro- 
'  cess  were,  when  annealed,  of  an  extremely  fine  grain  and  of  great 
strength.  At  this  stage  of  my  experiments  I  determined  on 
casting  a  small  model  gun,  which  in  the  lathe  gave  shavings 
slightly  curled,  and  closely  resembling  the  turnings  from  a  steel 
ingot.  The  metal  when  polished  also  looked  white  and  close- 
grained  like  steel.  I  was  so  well  pleased  with  this  casting  that 
I  took  it  over  to  Paris,  obtained  an  audience  with,  and  showed 
it  to,  the  Emperor,  who  had,  in  fact,  encouraged  me  to  make  an 
attempt  to  improve  iron  employed  in  founding  heavy  ordnance. 
His  Majesty,  who  had  desired  me  to  report  progress,  accepted  this 
experimental  gun,  remarking  that  some  day  it  might  have  an 
historical  interest,  and  it  was  in  recognition  of  this  circumstance 
that  his  Majesty,  later  on,  intimated  to  me,  through  Colonel 
Belleville,  his  desire  to  confer  on  me  the  Grand  Cross  of  the 
Legion  of  Honor,  provided  I  could  obtain  permission  to  wear 
it,  a  privilege  which  our  ambassadors  twice  refused.  His 
Majesty  also  gave  me  permission  to  erect  my  furnace  at  the 
government  cannon  foundry  at  Ruelle  near  Angouleme,  to  which 
place  I  went,  with  proper  introductions,  for  the  purpose  of 
arranging  all  the  necessary  details.     I  also  sent  over  from  Eng- 
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land  seyeral  thousand  special  fire-bricks,  etc,  for  the  erection 
of  the  furnace. 

But  on  resuming  my  further  researches,  after  returning  to 
London,  an  incident  occurred  which  suddenly  put  a  stop  to  the 
intended  works  at  the  Buelle  Gun  Foundry,  and,  in  fact,  altered 
all  my  future  plans  and  investigations. 

The  furnace  as  it  was  then  arranged  is  shown  in  vertical  section 
by  Fig.  179,  and  in  horizontal  section  on  a  line  passing  through 
openings  in  the  perforated  hollow  fire-bridge  by  Fig.  180,  where 
the  narrowing  of  the  body  of  the  furnace  is  clearly  shown,  and 
the  manner  in  which  the  jets  of  air  were  directed  so  as  to  produce 


PiQ.   17». 

an  intense  ignition  of  the  combustible  gases  mingled  with,  and 
passing  over,  with  the  large  volume  of  flame,  from  the  over- 
charged fire-grate. 

The  small  scale  on  which  this  experimental  furnace  was  built 
(viz.:  a  capacity  of  three  hundredweight  only)  was  much  against 
my  obtaining  the  high  temperature  necessary  to  melt  a  large 
proportion  of  steel  in  the  pig-iron  bath.  I  was  of  course  fully 
aware  that  a  furnace  of  sufficient  capacity  to  cast  a  five  or  a 
ten  ton  gun  would  produce  a  much  higher  temperature  than  it  was 
possible  to  attain  in  my  small  furnace,  and  also  that  a  forced  draft, 
obtained  by  closing  in  the  ash-pit  and  forcing  air  into  it,  would 
also  still  further  increase  the  temperature.  That  this  forced  draft 
was  in  my  mind  at  the  time,  is  shown  by  the  fact  that  I  took  out 
a  patent  for  the  manufacture  of  cast  steel,  dated  October  17, 
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1855;  that  is,  about  two  months  after  the  casting  of  the  model 
gun.  In  this  patent  I  fully  described  the  forcing  of  air,  by  a 
fan,  into  the  closed  ash-pits  of  furnaces  employed  in  the  manu- 
facture of  cast-steel;  and  it  has  often  since  occurred  to  me 
that,  with  the  additional  resources  still  untried,  I  did  not  act 
wisely  in  so  suddenly  abandoning  these  open-hearth  experi- 
ments, in  favor  of  an  entirely  different  system,  suggested  to  my 
mind  by  the  incident  before  referred  to.     But  with  my  impul- 

Fio.  181. 


^^ 


Fio.  180. 


sive  nature  and  my  intense  desire  to  follow  up  every  new  problem 
which  presented  itself,  I  at  once  threw  myself  unreservedly  into 
this  new  study,  which  seemed  to  open  a  way  to  the  rapid  pro- 
duction of  bars,  rails,  and  plates,  of  malleable  metal  direct  from 
the  blast  furnace. 

Before  dismissing  this  subject  it  may  be  interesting,  even  at 
this  distant  period,  to  speculate  on  what  would  have  been  the 
natural  outcome  of  the  open-hearth -furnace  experiments,  had  I 
not  been  so  suddenly  diverted  from  their  further  pursuit. 

Sucli  a  furnace,  with  a  forced  draft  and  a  capacity  of  ten  tons, 
would  undoubtedly  have  melted  malleable  iron  or  steel  in  a 
bath  of  pig  iron,  and  have  decarburized  it  to  the  desired  extent. 
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for  I  had,  in  fact,  in  this  small  furnace  already  fused  steel  in  a 
bath  of  pig  iron,  on  the  open  hearth  of  a  reverberatory  furnace, 
and  as  far  back  as  January,  1855,  I  had  claimed  in  my  patent 
**  thefimon  of  steel  in  a  bath  of  melted  pig  or  cast  iron  in  a  reverber^ 
atitry  furnace^  as  herein  describedJ'* 

This  was  about  ten  years  prior  to  the  first  patent  taken  out 
by  M.  Emile  Martin,  and  now  generally  known  as  the  Siemens- 
Martin  process.  This  patent  was  obtained  in  England  in  the 
name  of  Emile  Martin  only,  and  is  dated  August  18,  1865,  or 
more  than  ten  years  after  my  patent  of  January  10,  1855.  M. 
Emile  Martin,  in  his  patent,  says :  "  The  manufacture  is  effected 
-upon  the  principle  of  fusion  of  iron  or  natural  steel  in  a  bath  of 
cast  iron,  maintained  at  a  white  heat,  in  a  reyerberatory  furnace 
such  as  a  Siemens  gas-furnace." 

I  desire  to  say  that  I  make  no  claim  whatever  to  the  prior 
invention  of  the  Martin-Siemens  process,  nor  do  I  for  one 
moment  assume  that  my  patent  of  1855  furnished  any  informa- 
tion which  either  of  these  gentlemen  availed  themselves  of; 
but  I  think  I  am  justified  in  saying  that  the  fusion  of  steel  in  a 
bath  of  pig  iron,  on  the  open  hearth  of  a  reverberatory  furnace, 
which  I  had  patented  and  successfully  effected,  was,  to  use  a 
favorite  expression  of  Mr.  Gladstone,  ^^approaching  within 
measurable  distance**  of  that  now  well-known  and  successful 
process. 

On  my  return  from  the  Buelle  Gun  Foundry,  I  resumed  my 
-experiments  with  the  open-hearth  furnace,  when  the  remarkable 
incident  I  have  twice  referred  to,  occurred  in  this  way :  Some 
pieces  of  pig-iron  in  one  side  of  the  bath  attracted  my  attention 
by  remaining  unmelted  despite  the  great  heat  of  the  furnace,  and 
1  turned  on  a  little  more  air  through  the  fire-bridge,  with 
the  intention  of  increasing  the  combustion ;  on  again  opening 
the  furnace  door  after  an  interval  of  half  an  hour,  these  two 
pieces  of  pig  still  remained  unfused.  I  then  took  an  iron  bar^ 
with  the  intention  of  pushing  them  into  the  bath,  when  I  dis- 
covered that  they  were  merely  thin  shells  of  decarburized 
iron,  as  represented  at  Fig.  181,  thus  showing  that  atmos- 
pheric air  alone  was  capable  of  wholly  decarburizing  gray  pig 
iron  and  converting  it  into  malleable  iron  without  puddling  or 
any  other  manipulation.  It  was  this  which  gave  a  new  direction 
to  my  thoughts,  and  after  due  consideration  I  became  convinced 
that  if  air  could  ba  brought  in  contact  with  a  sufficiently  exten- 
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•  sive  surface  of  molten  crude  iron  the  latter  would  rapidly  be 
converted  into  malleable  iron. 

This,  like  all  new  problems,  had  a  special  interest  for  me,  and 
I  became  impatient  to  test  it  by  more  than  a  laboratory  experi- 
ment Without  loss  of  time  I  had  some  fire-clay  crucibles  made 
with  perforated  covers,  and  also  some  fire-clay  blow-pipes,  which 
I  joined  to  a  three-feet  length  of  one-inch  gas  pipe,  the 
opposite  end  of  which  was  attached  by  a  piece  of  rubber  tubing 
to  a  fixed  blast  pipe.  This  elastic  c6nnection  permitted  the 
easy  introduction  and  withdrawal  of  the  blow-pipe  into  and  oui 
of  the  crucible,  as  shown  at  Fig.  182,  which  represents  a  vertical 
section  of  an  air  furnace,  containing  a  crucible,  which  in  thia 
case  represented  the  "  converter."  About  ten  pounds  of  molten 
gray  pig  iron  about  half  filled  the  crucible,  and  thirty  minutes* 
blowing  was  found  to  convert  ten  pounds  of  this  gray  pig  iron 
into  soft  malleable  iron.  Here  at  least  one  great  fact  was  elicited^ 
viz.:  the  absolute  decarburization  of  molten  crude  iron  without 
any  manipulation,  hut  not  without  fuel ;  for  had  not  a  very  high 
temperature  been  kept  up  in  the  air  furnace  all  the  time  this  quiet 
blowing  for  thirty  minutes  was  going  on,  it  would  have  resulted 
in  the  solidification  of  the  metal  in  the  crucible  long  before 
complete  decarburation  had  been  effected.  Hence  arose  the  all- 
important  question :  Can  sufficient  internal  heat  be  produced  by 
the  introduction  of  atmospheric  air  to  retain  the  fluidity  of  the 
metal  until  it  is  wholly  decarburized  in  a  vessel  not  externally 
heated? 

This  I  determined  to  try  without  delay.  I  fitted  up  a  larger 
blast  cylinder  in  connection  with  a  twenty  horse  power  engine 
which  I  had  daily  at  work,  and  I  also  erected  an  ordinary 
foundry  cupola  capable  of  melting  half  a  ton  of  pig  iron.  Then 
came  the  question  of  the  best  form  and  size  for  the  experimental 
"  converter."  I  had  very  few  data  to  guide  me  in  this,  as  the 
crucible  converter  was  hidden  from  view  in  the  furnace  during 
the  blow.  I,  however,  found  that  slag  was  produced  during  the 
blow  and  escaped  through  the  holes  in  the  lid  ;  this  fact  guided 
me  to  the  construction  of  a  very  simple  form  of  cylindrical 
converter,  about  four  feet  in  height  in  the  interior,  which  was 
sufficiently  tall  and  capacious,  as  I  believed,  to  prevent  anything 
but  a  few  sparks  and  heated  gases  from  escaping  through  a 
central  hole  made  in  the  flat  top  of  the  vessel  for  that  purpose, 
as  shown  in  vertical  section  at  Fig.  183.     The  converter  had  six 
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liorizontal  tnyeres  arranged  aroimd  the  lower  part  of  it ;  these 
were  connected  by  six  adjustable  branch  pipes,  deriving  their 
supply  of  air  from  an  annular  rectangular  chamber  extending 
around  the  converter,  as  shown. 

All  being  thus  arranged,  and  a  blast  of  ten  or  fifteen  pounds 
pressure  turned  on,  about  seven  hundredweight  of  molten  pig 


Fig.  188. 


Fig.  182. 


iron  was  run  into  the  hopper  provided  on  one  side  of  the  con- 
verter for  that  purpose.  All  went  on  quietly  for  about  ten 
minutes.  Sparks,  such  as  are  commonly  seen  when  tapping  a 
cupola,  accompanied  by  hot  gases,  ascended  through  the  open- 
ing in  the  top  of  the  converter,  just  as  I  supposed  would  be  the 
case,  but  soon  after  a  rapid  change  took  place.  In  fact,  the 
silicon  had  been  qi^ietly  consumed,  and  the  oxygen  next  uniting 
with  the  carbon,  sent  up  an  ever-increasing  stream  of  sparks 
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and  a  voluminous  white  flame ;  then  followed  a  succession  of 
mild  explosions,  throwing  molten  slags  and  splashes  of  metal 
high  up  into  the  air,  the  apparatus  becoming  a  miniature  volcano 
in  a  state  of  acfcive  eruption.  No  one  could  approach  the  con- 
verter to  turn  off  the  blast,  and  some  low  flat  zinc-covered  roofs 
close  at  hand  were  in  danger  of  being  set  on  fire  by  the  shower 
of  red-hot  matter  falling  on  them.  All  this  was  a  veritable 
revelation  to  me,  as  I  had  in  no  way  anticipated  such  violent 
results.  However,  in  ten  minutes  more  the  eruption  had 
ceased,  the  flame  died  down,  the  process  was  complete,  and 
on  tapping  the  converter  into  a  shallow  pan  or  ladle,  and  form- 
ing it  into  an  ingot,  it  was  found  to  be  wholly  decarburized 
malleable  iron. 

Such  were  the  conditions  under  which  the  first  charge  of  pig 
iron  was  converted  into  malleable  iron  in  a  vessel  neither 
internally  nor  externally  heated  by  fire. 

I,  however,  desired  to  convert  a  second  charge  of  pig  iron,, 
which  had  been  put  into  the  cupola,  and  in  order  to  prevent 
this  dangerous  projection  upward  of  sparks  and  molten  slags> 
a  temporary  expedient  was  resorted  to,  which,  however,  failed 
in  its  object.  I  procured  one  of  those  circular  chequered  cast- 
iron  plates  so  much  used  in  the  London  pavements  to  allow 
coals  to  be  put  into  the  cellars  below  the  pavement.  This  plat^^ 
which  was  about  a  foot  in  diameter,  was  suspended  by  a  chain 
at  a  distance  of  eighteen  inches  above  the  central  opening  in  the 
top  of  the  converter,  as  shown  in  Fig.  183. 

This  as  a  mere  temporary  device  was  deemed  sufficient  to 
allow  the  conversion  of  another  seven-hundredweight  charge  to 
be  effected  without  any  danger  of  setting  fire  to  the  premises* 
The  converting  operation  went  on  quietly  as  before,  but  when  the 
eruption  commenced  I  saw  the  suspended  plate  get  rapidly  red- 
hot,  and  in  a  few  minutes  more  it  melted  and  fell  away,  leaving 
the  chain  dangling  over  the  opening,  and  allowing  the  slags  and 
splashes  of  metal  to  shoot  upward  as  before.  Thus  it  happened 
that  the  first  converter  which  I  had  constructed  was  at  once 
condemned  as  commercially  impracticable,  owing  to  this  verti- 
cal eruption  of  cinder,  and  for  this  reason  only.  All  attempts 
to  lessen  the  violence  of  the  process  by  a  reduction  of  the  num- 
ber of  tuyeres,  or  by  lessening  the  diameter  of  the  tuyere  pipe 
orifices,  or  by  diminishing  the  pressure  of  the  blast,  only 
resulted  in  a  reduction  of  the  necessary  temperature,  and  in 
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preventing  the  conversion  of  the  mollen  pig  iron  into  malleable 
iron.  In  one  case  the  trial  of  a  diminished  area  of  tuyere  open- 
ing resulted  in  nearly  the  whole  charge  of  metal,  after  more  than 
an  hour's  blowing,  being  converted  into  a  solid  mass  of  brittle 
white  iron  similar  to  ordinary  refiners'  plate  metal  Indeed,  I 
may  say  that  the  results  of  all  my  early  investigations  proved 
to  me,  beyond  the  possibility  of  doubt,  a  fact  which  has  since 
been  confirmed  in  every  Bessemer  steel  works  throughout 
Europe  and  America,  viz.,  that  rapidity  of  action  ending  in  a 
violent  eruption  are  absolutely  necessary  conditions  of  success ; 
and  when  we  take  into  consideration  the  fact  that  the  converted 
metal  must  be  made  to  acquire  an  enormously  high  tempera- 
ture, so  that  it  may  not  be  chilled  in  tapping,  or  pouring  it  out 
of  the  incandescent  converter  into  a  cold  open  ladle ;  that  it 
be  not  chilled  by  the  addition  of  a  large  quantity  of  much 
cooler  metal  employed  to  deoxidize  it ;  that  it  does  not  chill  and 
form  a  skull  in  the  casting  ladle  during  the  comparatively  long 
time  required  to  form  it  into  ingots ;  it  is  obvious  that  to  carry 
out  the  Bessemer  process  successfully,  a  temperature  must  be 
obtained  very  considerably  above  the  mere  melting  temperature 
of  malleable  iron.  In  order  to  obtain  this  temperature  it  is 
necessary  to  drive  powerful  streams  of  air  into  the  metal,  so  as 
to  divide  it  into  innumerable  fiery  globules  diffused  throughout 
the  whole  body  of  metal  under  operation,  which  for  the  time 
being  may  be  likened  to  a  fluid  sponge,  with  the  active  combus- 
tion of  carbon  with  oxygen  going  on  in  every  one  of  its  myriads 
of  ever-changing  cavities. 

It  has  been  found  that  the  union  of  carbon  and  oxygen 
takes  place  so  rapidly  at  this  high  temperature  as  to  produce  a 
series  of  mild  explosions,  which  are  scarcely  noticed  in  the  large 
converters  in  common  use,  which  have  a  space  for  the  violent 
expansions,  of  some  eight  or  ten  feet  in  height  above  the  normal 
level  of  the  metal;  in  this  space  the  violent  action  expends 
itself  unseen,  and  is  only  partially  recognized  by  a  small  addi- 
tional quantity  of  slags  leaping  out  of  the  mouth  of  the  con- 
verter. 

With  these  facts  before  us  it  must  be  self-evident  that  all 
attempts  to  produce  malleable  iron  in  a  plain  cylindrical  vessel 
which  has  no  top  to  it,  and  in  which  the  metal  rises  to  within 
a  few  inches  of  its  open  mouth,  must  utterly  fail  from  two 
causes.     First,  because  heat  would  fly  off  so  freely  that  the 
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temperature  of  molten  malleable  iron  could  never  be  reached ; 
and,  second,  because  nearly  all  the  metal  contained  in  such  a 
shallow  open-topped  vessel  would  leap  out  of  it,  and  be  scat- 
tered in  all  directions  when  the  explosive  eruption  takes  place, 
without  which  no  charge  of  molten  pig  iron  can  be  converted 
into  fluid  malleable  iron.  This  violent  eruption  of  slags,  accom- 
panied by  an  immense  volume  of  flame  which  issues  from  the 
mouth  of  the  converter,  has  surprised  every  one  when  witness- 
ing the  Bessemer  process  for  the  first  time.  Nor  was  I  an 
exception  to  the  rule,  for  I  was  as  much  astonished  as  others  at 
this  violent  eruption,  or  most  assuredly  I  should  never  have 
been  so  stupid  as  to  design  a  converter  so  as  to  discharge  a 
shower  of  slag  vertically  upwards,  and  thus  insure  its  falling 
back  on  to  and  all  around  the  converter.  Till  that  time  no 
one  had  ever  seen  a  converter  in  operation,  but  no  one  who  had 
once  witnessed  the  conversion  of  fluid  pig  iron  into  malleable 
iron  by  a  blast  of  air,  would  ever  propose  to  construct  a  con- 
verter with  an  opening  at  the  top  so  as  to  direct  this  fiery  stream 
vertically  upwards.  Later  experience  allows  me  fearlessly  to 
assert  that  a  charge  of  molten  crude  iron  cannot  be  converted 
into  fluid  malleable  iron  or  steel  by  forcing  air  through  it,  with- 
out this  violent  eruption  taking  place.  Hence  it  is  to  me  utter- 
ly inconceivable  that  any  man  who  had  once  witnessed  the  vio- 
lent eruption  invariably  accompanying  the  converting  process, 
should,  after  such  an  experience,  design  and  patent  a  converting 
vessel  with  a  sloping  top  and  a  vertical  outlet  so  admirably 
adapted  to  throw  upward  and  discharge  so  large  a  proportion 
of  its  contents  as  that  shown  in  Fig.  184,  which  is  an  exact 
reproduction  of  an  authorized  drawing  of  the  converter  of  an 
American  patentee  who,  it  has  been  asserted,  had  successfully 
carried  on  this  converting  process  many  years  prior  to  his 
taking  out  this  patent  in  1857.  The  original  patent  is  headed : 
"  W.  Kelly.     No.  505.    Iteissued,  Nov.  3,  1857." 

I  had  no  sooner  condemned  my  first  cylindrical  converter  than 
I  commenced  to  remedy  its  defects.  The  most  obvious  and  ready 
way  of  doing  this  would  have  been  simply  to  make  an  opening 
near  the  top,  on  one  side  of  it,  and  thus  allow  the  escape  of  the 
ejected  matter  to  take  place  horizontally,  and  direct  the  dis- 
charge against  a  wall,  or  allow  it  to  fall  into  a  pit,  etc. ;  but  I 
desired  to  prevent  the  discharge  of  metal  splashes  as  far  as 
possible,  so  that  I  determined  on  constructing  the  new  converter 
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with  an  upper  chamber  haying  an  arched  roof  and  a  conical 
sloping  floor.  This  converter  is  represented  at  Fig.  185  in  ver- 
tical section,  and  at  Fig.  186  in  horizontal  cross  section,  taken 
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through  the  tuyeres.  When  a  converter  is  so  constructed  the 
fluid  matters  which  would  otherwise  pass  vertically  upward  into 
the  air  are  thrown  against  the  arched  roof,  and  any  fluid  metal 
which  may  be  thrown  up  falls  upon  the  sloping  floor  of  the 
30 
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upper  chamber,  and  again  returns  to  the  lower  one,  while  the 
flame  and  a  portion  of  the  slags  find  their  way  out  of  the  two 
square  lateral  openings  provided  for  that  purpose.  This  upper 
chamber  serves  also  as  a  receptacle  for  heating  up  any  metal 
intended  to  recarburize  or  alloy  with  the  steel  in  course  of 
being  converted.  The  section  Fig.  186  shows  six  well-burned 
fire-clay  or  plumbago  tuyere  pipes,  fitted  to  openings  left  in  the 


Fig.  186. 


lining  for  that  purpose.  Their  outer  ends  are  made  conical  to 
faciliate  the  ramming  in  of  loam  around  them,  and  which  effect- 
ually holds  them  in  position,  and  at  the  same  time  admits  of 
their  easy  removal  when  worn  out ;  a  jointed  piece  of  iron  tube, 
with  a  catch  to  hold  it  in  place,  communicates  the  blast  to  each 
tuyere.  • 

Another  view  of  this  converter,  taken  at  right  angles  to  Fig.  185, 
is  represented  in  Fig.  187,  showing  in  one  side  the  hopper  by 
which  the  molten  iron  is  run  in  by  a  movable  spout  direct  from 
the  cupola.     This  view  also  shows  the  tapping  hole  open,  and 
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the  spout  which  couducts  the  converted  metal  into  a  movable 
shallow  pan  or  receiver  supported  by  a  long  handle  (not  shown). 
A  fire-brick  plug,  attached  to  a  long  handle,  is  fitted  to  a  fire- 
brick ring  or  opening  in  the  bottom  of  the  pan,  and  prevents 
any  debris  from  the  tapping  hole  being  carried  into  the 
mould. 

As  this  apparatus  was  intended  to  exhibit  the  process,  it  was 
essential  that  an  easy  way  should  be  provided  for  getting  away 
the  ingots  and  quickly  repeating  the  process.  This  casting 
apparatus,  constructed  precisely  as  represented  in  Fig.  187,  was 
erected  at  my  bronze  manufactory  in  London  about  two  months 
prior  to  my  reading  the  "  Cheltenham  Paper."  It  is  represented 
in  vertical  section  in  Fig.  187.  The  interior  of  the  mould  was  ten  • 
inches  square  and  about  three  feet  in  length,  and  was  made  in  two 
pieces  planed  quite  parallel  and  then  permanently  bolted  to- 
gether. The  mould  had  a  massive  square  lower  flange  rest- 
ing on  four  dwarf  columns,  which  stood  on  the  square  upper 
flange  of  an  hydraulic  cylinder.  Massive  bolts  passed  through 
these  dwarf  columns  and  through  the  square  flanges,  and  thus 
united  the  ingot  mould  and  hydraulic  cylinder,  in  which  a  ram  or 
plunger  was  placed,  having  a  movable  square  head  which  accu- 
rately fitted  the  mould  and  formed  a  closely  fitting  movable  bot- 
tom to  it  Both  the  ram  and  the  external  surface  of  the  mould 
were  kept  cool  by  a  water  jacket  provided  with  supply  and  waste 
pipes.  Matters  being  thus  arranged,  the  converted  metal  was 
allowed  to  fall  in  a  vertical  stream  from  the  receiver  on  to  the  head 
of  the  ram.  The  receiver  was  then  removed,  and  water  under 
pressure  was  turned  on  to  the  hydraulic  cylinder  as  soon  as  the 
steel  was  solidified,  when  a  beautifully  square  ingot,  ten  inches 
square  and  weighing  about  seven  hundredweight,  steadily  rose 
and  stood  on  end  ready  for  removal,  the  head  of  the  ram  rising 
one  or  two  inches  above  the  top  of  the  mould.  There  are,  no 
doubt,  many  persons  still  living  who  witnessed  this  combined 
converting  and  casting  apparatus  in  successful  operation  at  my 
bronze  works  in  London. 

Two  ten-inch  square  ingots  made  with  this  apparatus  were 
Aent  to  the  Dowlais  Iron  Works  in  Wales,  and,  without  hammer- 
ing, were  rolled  into  two  flat-footed  rails,  on  the  26th  of  August, 
1856— that  is,  thirteen  days  after  the  reading  of  the  "  Chelten- 
ham Paper."  They  were  rolled  under  the  personal  superintend- 
ence of  Mr.  Edward  Williams,  past  President  of  the  Iron  and 
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1855 ;  that  is,  aboat  two  months  after  the  casting  of  the  model 
gun.  In  this  patent  I  fully  described  the  forcing  of  air,  by  a 
fan,  into  the  closed  ashpits  of  furnaces  employed  in  the  manu- 
facture of  cast-steel;  and  it  has  often  since  occurred  to  me 
that,  with  the  additional  resources  still  untried,  I  did  not  act 
wisely  in  so  suddenly  abandoning  these  open-hearth  experi- 
ments, in  favor  of  an  entirely  diflferent  system,  suggested  to  my 
mind  by  the  incident  before  referred  to.     But  with  my  impul- 

FiG.  181. 


Fig.  180. 


sive  nature  and  my  intense  desire  to  follow  up  every  new  problem 
which  presented  itself,  I  at  once  threw  myself  unreservedly  into 
this  new  study,  which  seemed  to  open  a  way  to  the  rapid  pro- 
duction of  bars,  rails,  and  pl-ites,  of  malleable  metal  direct  from 
the  blast  furnace. 

Before  dismissing  this  subject  it  may  be  interesting,  even  at 
this  distant  period,  to  speculate  on  what  would  have  been  the 
natural  outcome  of  the  open-hearth-furnace  experiments,  had  I 
not  been  so  suddenly  diverted  from  their  further  pursuit. 

Such  a  furnace,  with  a  forced  draft  and  a  capacity  of  ten  tons, 
^ould  undoubtedly  have  melted  malleable  iron  or  steel  in  a 
bath  of  pig  iron,  and  have  decarburized  it  to  the  desired  extent. 
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for  I  had,  in  fact,  in  this  small  furnace  already  fused  steel  in  a 
bath  of  pig  iron,  on  the  open  hearth  of  a  reverberatory  furnace, 
and  as  far  back  as  January,  1856,  I  had  claimed  in  my  patent 
'*  the  fusion  of  steel  in  a  bath  of  melted  pig  or  cast  iron  in  a  reverber- 
atory  furvxxce^  as  herein  described" 

This  was  about  ten  years  prior  to  the  first  patent  taken  out 
by  M.  Emile  Martin,  and  now  generally  known  as  the  Siemens- 
Martin  process.  This  patent  was  obtained  in  England  in  the 
name  of  Emile  Martin  only,  and  is  dated  August  18,  1865,  or 
more  than  ten  years  after  my  patent  of  January  10,  1855.  M. 
Emile  Martin,  in  his  patent,  says :  '^  The  manufacture  is  effected 
■upon  the  principle  of  fusion  of  iron  or  natural  steel  in  a  bath  of 
cast  iron,  maintained  at  a  white  heat,  in  a  reverberatory  furnace 
such  as  a  Siemens  gas-furnace." 

I  desire  to  say  that  I  make  no  claim  whatever  to  the  prior 
invention  of  the  Martin-Siemens  process,  nor  do  I  for  one 
moment  assume  that  my  patent  of  1855  furnished  any  informa- 
tion which  either  of  these  gentlemen  availed  themselves  of; 
but  I  think  I  am  justified  in  saying  that  the  fusion  of  steel  in  a 
bath  of  pig  iron,  on  the  open  hearth  of  a  reverberatory  furnace, 
which  I  had  patented  and  successfully  effected,  was,  to  use  a 
favorite  expression  of  Mr.  Gladstone,  ^^approaching  within 
measurable  distance"  of  that  now  well-known  and  successful 
process. 

On  my  return  from  the  Ruelle  Gun  Foundry,  I  resumed  my 
experiments  with  the  open-hearth  furnace,  when  the  remarkable 
incident  I  have  twice  referred  to,  occurred  in  this  way :  Some 
pieces  of  pig-iron  in  one  side  of  the  bath  attracted  my  attention 
by  remaining  unmelted  despite  the  great  heat  of  the  furnace,  and 
1  turned  on  a  little  more  air  through  the  fire-bridge,  with 
the  intention  of  increasing  the  combustion;  on  again  opening 
the  furnace  door  after  an  interval  of  half  an  hour,  these  two 
pieces  of  pig  still  remained  unfused.  I  then  took  an  iron  bar,, 
with  the  intention  of  pushing  them  into  the  bath,  when  I  dis- 
covered that  they  were  merely  thin  shells  of  decarburized 
iron,  as  represented  at  Fig.  181,  thus  showing  that  atmos- 
pheric air  alone  was  capable  of  wholly  decarburizing  gray  pig 
iron  and  converting  it  into  malleable  iron  without  puddling  or 
any  other  manipulation.  It  was  this  which  gave  a  new  direction 
to  my  thoughts,  and  after  due  consideration  I  became  convinced 
that  if  air  could  ba  brought  in  contact  with  a  sufficiently  exten- 
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-  sive  surface  of  molten  crude  iron  the  latter  would  rapidly  be 
converted  into  malleable  iron. 

This,  like  all  new  problems,  had  a  special  interest  for  me,  and 
I  became  impatient  to  test  it  by  more  than  a  laboratory  experi- 
ment Without  loss  of  time  I  had  some  fire-clay  crucibles  made 
with  perforated  covers,  and  also  some  fire-clay  blow-pipes,  whick 
I  joined  to  a  three-feet  length  of  one-inch  gas  pipe,  the 
opposite  end  of  which  was  attached  by  a  piece  of  rubber  tubing 
to  a  fixed  blast  pipe.  This  elastic  cdnnection  permitted  the 
easy  introduction  and  withdrawal  of  the  blow-pipe  into  and  out 
of  the  crucible,  as  shown  at  Fig.  182,  which  represents  a  vertical 
section  of  an  air  furnace,  containing  a  crucible,  which  in  this 
case  represented  the  "  converter."  About  ten  pounds  of  molten 
gray  pig  iron  about  half  filled  the  crucible,  and  thirty  minutes* 
blowing  was  found  to  convert  ten  pounds  of  this  gray  pig  iron 
into  soft  malleable  iron.  Here  at  least  one  great  fact  was  elicited, 
viz.:  the  absolute  decarburization  of  molten  crude  iron  without 
any  manipulation,  hut  not  without  fuel;  for  had  not  a  very  high 
temperature  been  kept  up  in  the  air  furnace  all  the  time  this  quiet 
blowing  for  thirty  minutes  was  going  on,  it  would  have  resulted 
in  the  solidification  of  the  metal  in  the  crucible  long  before 
complete  decarburation  had  been  effected.  Hence  arose  the  all- 
important  question :  Can  sufficient  internal  heat  be  produced  by 
the  introduction  of  atmospheric  air  to  retain  the  fluidity  of  the 
metal  until  it  is  wholly  decarburized  in  a  vessel  not  externally 
heated  ? 

This  I  determined  to  try  without  delay.  I  fitted  up  a  larger 
blast  cylinder  in  connection  with  a  twenty  horse  power  engine 
which  I  had  daily  at  work,  and  I  also  erected  an  ordinary 
foundry  cupola  capable  of  melting  half  a  ton  of  pig  iron.  Then 
came  the  question  of  the  best  form  and  size  for  the  experimental 
"  converter."  I  had  very  few  data  to  guide  me  in  this,  as  the 
crucible  converter  was  hidden  from  view  in  the  furnace  during 
the  blow.  I,  however,  found  that  slag  was  produced  during  the 
blow  and  escaped  through  the  holes  in  the  lid  ;  this  fact  guided 
me  to  the  construction  of  a  very  simple  form  of  cylindrical 
converter,  about  four  feet  in  height  in  the  interior,  which  was 
sufficiently  tall  and  capacious,  as  I  believed,  to  prevent  anything 
but  a  few  sparks  and  heated  gases  from  escaping  through  a 
central  hole  made  in  the  flat  top  of  the  vessel  for  that  purpose, 
as  shown  in  vertical  section  at  Fig.  183.     The  converter  had  six 
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liorizontal  tnyeres  arranged  aroniid  the  lower  part  of  it ;  these 
were  connected  by  six  adjustable  branch  pipes,  deriving  their 
supply  of  air  from  an  annular  rectangular  chamber  extending 
around  the  converter,  as  shown. 

All  being  thus  arranged,  and  a  blast  of  ten  or  fifteen  pounds 
pressure  turned  on,  about  seven  hundredweight  of  molten  pig 


Fig.  188. 


Fig.  182. 


iron  was  run  into  the  hopper  provided  on  one  side  of  the  con- 
verter for  that  purpose.  All  went  on  quietly  for  about  ten 
minutes.  Sparks,  such  as  are  commonly  seen  when  tapping  a 
cupola,  accompanied  by  hot  gases,  ascended  through  the  open- 
ing in  the  top  of  the  converter,  just  as  I  supposed  would  be  the 
case,  but  soon  after  a  rapid  change  took  place.  In  fact,  the 
silicon  had  been  qi^ietly  consumed,  and  the  oxygen  next  uniting 
with  the  carbon,  sent  up  an  ever-increasing  stream  of  sparks 
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and  a  yoluminous  white  flame ;  then  followed  a  succession  of 
mild  explosions,  throwing  molten  slags  and  splashes  of  metal 
high  up  into  the  air,  the  apparatus  becoming  a  miniature  volcano 
in  a  state  of  active  eruption.  No  one  could  approach  the  con- 
verter to  turn  off  the  blast,  and  some  low  flat  zinc-covered  roofs 
close  at  hand  were  in  danger  of  being  set  on  fire  by  the  shower 
of  red-hot  matter  falling  on  them.  All  this  was  a  veritable 
revelation  to  me,  as  I  had  in  no  way  anticipated  such  violent 
results.  However,  in  ten  minutes  more  the  eruption  had 
ceased,  the  flame  died  down,  the  process  was  complete,  and 
on  tapping  the  converter  into  a  shallow  pan  or  ladle,  and  form- 
ing it  into  an  ingot,  it  was  found  to  be  wholly  decarburized 
malleable  irou. 

Such  were  the  conditions  under  which  the  first  charge  of  pig 
iron  was  converted  into  malleable  iron  in  a  vessel  neither 
internally  nor  externally  heated  by  fire. 

I,  however,  desired  to  convert  a  second  charge  of  pig  iron^ 
which  had  been  put  into  the  cupola,  and  in  order  to  prevent 
this  dangerous  projection  upward  of  sparks  and  molten  slags^ 
a  temporary  expedient  was  resorted  to,  which,  however,  failed 
in  its  object.  I  procured  one  of  those  circular  chequered  cast- 
iron  plates  so  much  used  in  the  London  pavements  to  allow 
coals  to  be  put  into  the  cellars  below  the  pavement.  This  plate^ 
which  was  about  a  foot  in  diameter,  was  suspended  by  a  chain 
at  a  distance  of  eighteen  inches  above  the  central  opening  in  the 
top  of  the  converter,  as  shown  in  Fig.  183. 

This  as  a  mere  temporary  device  was  deemed  sufficient  to 
allow  the  conversion  of  another  seven-hundredweight  charge  to 
be  effected  without  any  danger  of  setting  fire  to  the  premises. 
The  converting  operation  went  on  quietly  as  before,  but  when  the 
eruption  commenced  I  saw  the  suspended  plate  get  rapidly  red- 
hot,  and  in  a  few  minutes  more  it  melted  and  fell  away,  leaving 
the  chain  dangling  over  the  opening,  and  allowing  the  slags  and 
splashes  of  metal  to  shoot  upward  as  before.  Thus  it  happened 
that  the  first  converter  which  I  had  constructed  was  at  once 
condemned  as  commercially  impracticable,  owing  to  this  verti- 
cal eruption  of  cinder,  and  for  this  reason  only.  All  attempts 
to  lessen  the  violence  of  the  process  by  a  reduction  of  the  num- 
ber of  tuyeres,  or  by  lessening  the  diameter  of  the  tuyere  pipe 
orifices,  or  by  diminishing  the  pressure  of  the  blast,  only 
resulted  in  a  reduction  of  the  necessary  temperature,  and  in 
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preyenting  the  conversion  of  the  mollen  pig  iron  into  malleable 
iron.  In  one  case  the  trial  of  a  diminished  area  of  tuyere  open- 
ing resulted  in  nearly  the  whole  charge  of  metal,  after  more  than 
an  hour's  blowing,  being  converted  into  a  solid  mass  of  brittle 
white  iron  similar  to  ordinary  refiners'  plate  metal  Indeed,  I 
may  say  that  the  results  of  all  my  early  investigations  proved 
to  me,  beyond  the  possibility  of  doubt,  a  fact  which  has  since 
been  confirmed  in  every  Bessemer  steel  works  throughout 
Europe  and  America,  viz.,  that  rapidity  of  action  ending  in  a 
violent  eruption  are  absolutely  necessary  conditions  of  success ; 
and  when  we  take  into  consideration  the  fact  that  the  converted 
metal  must  be  made  to  acquire  an  enormously  high  tempera- 
ture, so  that  it  may  not  be  chilled  in  tapping,  or  pouring  it  out 
of  the  incandescent  converter  into  a  cold  open  ladle  ;  that  it 
be  not  chilled  by  the  addition  of  a  large  quantity  of  much 
cooler  metal  employed  to  deoxidize  it ;  that  it  does  not  chill  and 
form  a  skull  in  the  casting  ladle  during  the  comparatively  long 
time  required  to  form  it  into  ingots ;  it  is  obvious  that  to  carry 
out  the  Bessemer  process  successfully,  a  temperature  must  be 
obtained  very  considerably  above  the  mere  melting  temperature 
of  malleable  iron.  In  order  to  obtain  this  temperature  it  is 
necessary  to  drive  powerful  streams  of  air  into  the  metal,  so  as 
to  divide  it  into  innumerable  fiery  globules  diffused  throughout 
the  whole  body  of  metal  under  operation,  which  for  the  time 
being  may  be  likened  to  a  fluid  sponge,  with  the  active  combus- 
tion of  carbon  with  oxygen  going  on  in  every  one  of  its  myriads 
of  ever-changing  cavities. 

It  has  been  found  that  the  union  of  carbon  and  oxygen 
takes  place  so  rapidly  at  this  high  temperature  as  to  produce  a 
series  of  mild  explosions,  which  are  scarcely  noticed  in  the  large 
converters  in  common  use,  which  have  a  space  for  the  violent 
expansions,  of  some  eight  or  ten  feet  in  height  above  the  normal 
level  of  the  metal;  in  this  space  the  violent  action  expends 
itself  unseen,  and  is  only  partially  recognized  by  a  small  addi- 
tional quantity  of  slags  leaping  out  of  the  mouth  of  the  con- 
verter. 

With  these  facts  before  us  it  must  be  self-evident  that  all 
attempts  to  produce  malleable  iron  in  a  plain  cylindrical  vessel 
which  has  no  top  to  it,  and  in  which  the  metal  rises  to  within 
a  few  inches  of  its  open  mouth,  must  utterly  fail  from  two 
causes.     First,  because  heat  would  fly  off  so  freely  that  the 
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early  experiments  and  efforts  of  Kelly.  He  was  not  a  chemist 
and  he  labored  under  that  great  disadvantage.  In  fact  chemistry 
at  that  time  was  not  generally  applied  to  any  of  the  develop- 
ments of  the  iron  and  steel  business,  and  if  Kelly  had  possessed 
a  knowledge  of  metallurgical  chemistry,  even  as  it  then  existed, 
he  would  have  undoubtedly  have  gone  much  further  than  he 
did.  But  we  find  that  Mr.  Bessemer  himself  was  not  any  too 
sure  of  his  chemistry,  because  in  his  Original  paper  he  states 
that  the  oxide  of  iron  which  was  produced  eliminated  the  sul- 
phur from  the  bath.  This  was  about  as  direct  a  chemical  mis- 
take, or  as  great  a  one,  as  a  man  could  make.  We  know  that 
sulphur  is  not  eliminated,  unfortunately,  in  the  process.  Again, 
in  some  of  his  early  papers,  he  defined  the  maximum  amount  of 
phosphorus  it  was  possible  to  use,  as  0.02  per  cent,  so  that  he 
groped  in  the  dark  and  took  advantage  of  the  developments  as 
they  progressed. 

Mr.  Durfee  is  quite  right  in  protesting  against  the  criticism 
upon  a  centre-nosed  converter.  We  know  that  as  the  art  pro- 
gressed, in  this  country,  at  least,  and  here  where  the  product 
has  reached  so  high,  that  very  form  of  converter  stands 
among  the  many  things  which  have  helped  us.  I  remember 
well  the  great  slopping  which  took  place  with  the  old  side-blow- 
ing vessel,  and  the  skulls,  as  we  called  them,  which  formed  in 
the  converter  stacks.  My  memory  is  keen  of  one  sad  instance 
at  Troy  where  we  lost  some  valuable  lives.  A  number  of  men 
were  hurt  and  the  Bessemer  superintendent,  or  foreman,  had 
his  back  broken  by  the  falling  of  the  skull  while  they  were  at 
work  at  the  bottom  of  the  vessel  repairing  a  tuyere  ;  so  that  the 
very  thing  which  is  condemned  in  the  paper  is  one  of  the 
strongest  features  of  the  Bessemer  apparatus  as  we  have  it  in 
this  country. 

I  have  a  great  respect  for  Mr.  Bessemer,  and  it  is  with  great 
hesitancy  that  in  his  advanced  age  I  would  permit  myself  to  say 
anything  which  would  seem  to  take  away  an  atom  from  his 
honor  and  glory,  but  I  wish  he  were  just  a  little  more  generous 
and  a  little  more  just. 

Mr.  William  Kent — The  list  of  members  qf  our  Society  con- 
tains no  name  more  honored  than  that  of  Sir  Henry  Bessemer, 
and  he  deserves  our  thanks  for  having  taken  the  pains  to  furnish 
our  Transactions  such  a  clear  and  interesting  statement  as  this 
paper  contains  of  his  early  labors  in  the  development  of  the 
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most  wonderfnl  process  which  bears  his  name.  Our  respect  for 
the  distinguished  author  of  the  paper,  and  our  gratitude  to  him 
for  haying  presented  it  to  the  Society,  however,  only  enhances 
our  regret  that  he  has  seen  fit  to  include  in  it  some  statements 
which  are  open  to  criticism,  and  which  are  not  really  necessary 
to  the  elucidation  of  the  subject  matter  of  the  paper,  viz.:  the 
account  of  his  own  work  in  developing  the  Bessemer  process.  ' 
If  he  had  confined  the  paper  to  the  one  subject  and  had  omitted 
the  several  references  to  Kelly,  Mushet,  Siemens  and  Martin, 
his  paper  would  have  been  beyond  criticism ;  but  since  he  has 
brought  in  these  names  in  such  a  way  as  to  open  up  a  matter 
of  controversy,  I  think  it  only  fair,  in  the  interest  of  future 
students  of  history,  to  place  upon  record,  along  with  the  paper, 
the  other  side  of  these  controverted  questions,  as  it  appears  in 
certain  historical  documents  from  which  I  shall  quote  in  what 
follows : 

The  first  statement  to  which  exception  may  be  taken  relates 
to  Sir  Henry's  experiments  on  making  open-hearth  steeL 

On  page  459  it  is  stated :  "  As  far  back  as  January,  1855, 1  had 
claimed  in  my  patent,  '  the  fusion  of  steel  in  a  bath  of  melted 
pig  or  cast  iron  in  a  reverberatory  furnace,  as  herein  de- 
scribed.' "...  ^'  I  think  I  am  justified  in  saying  that  the 
fusion  of  steel  in  a  bath  of  pig  iron,  on  the  open  hearth  of  a 
reverberatory  furnace,  which  I  had  patented  and  successfully 
effected,  was,  to  use  a  favorite  expression  of  Mr.  Gladstone, 
'  approaching  within  measurable  distance '  of  that  now  well- 
known,  and  successful  process." 

The  fact  is,  that  the  fusion  of  steel  in  a  bath  of  cast  iron  on 
the  bed  of  a  reverberatory  furnace  had  been  practised  in  Eng- 
land and  described  long  before  1855.  In  Uasenfratz's  Sidero- 
technie,  Paris,  1872,  vol.  iv.,  pages  93-99,  there  is  described 
the  process  for  manufacturing  two  varieties  of  steel  in  England, 
known  as  Marshall  and  Huntzmann  steels.  It  is  stated  that  "  a 
mixture  of  gray  and  white  iron  is  made.  .  .  .  Sometimes  also 
there  is  mixed  either  with  the  gray  cast  iron  alone,  or  with  the 
mixture  of  these  two  cast  irons,  clippings  of  iron,  old  bar  iron, 
scales  and  even  clippings  of  steel.  .  .  .  The  mixture  de- 
scribed to  make  the  second  kind  of  steel  is  melted  in  ordinary 
reverberatory  furnaces  in  which  one  has  prepared  a  sort  of 
crucible  in  the  lowest  position.  ...  As  soon  as  the  cast 
iron  begins  to  refine  itself  the  principal  workman  introduces  a 
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small  spoon  into  the  bath.  .  .  .  He  continues  to  take  out 
tests  until  that  which  he  withdraws  can  be  forged;  then  he 
examines  the  grain  of  the  steel ;  if  it  is  too  soft,  the  workman 
throws  into  the  bath  bars  of  steel  too  much  cemented,  which 
gives  it  carbon  without  altering  its  refining.  If  it  is  too  hard,  be 
throws  into  it  clippings  of  iron — sometimes  even  of  bar  iron — 
to  diffuse  the  carbon  through  a  larger  mass  or  to  bum  a  portion 
of  it  r  then  he  withdraws  the  slags  ;  he  runs  the  cast  steel  into 
the  moulds,  and  it  is  afterwards  forged  to  be  sent  forth  into 
commerce.  .  .  .  The  facility  which  they  have  in  England  of 
procuring  scraps  to  melt  for  steel  gives  to  the  inhabitants  of 
that  island  a  considerable  advantage  over  all  the  other  nations 
of  Europe." 

In  the  Dictionnaire  des  Arts  et  Manufacture^^  Paris,  1845, 
A-F,  page  48,  it  is  stated  that  ^'  M.  Breant  has  proposed  two 
different  processes  for  directly  manufacturing  cast  steel.  In 
the  second  process  one  oxidizes  on  the  hearth  of  a  reverberatory 
furnace  a  certain  quantity  of  good  pig  iron,  to  which  one  mixes 
subsequently  an  equal  quantity  of  the  same  nature,  but  not  oxi- 
dized. On  stirring  well  the  materials  the  whole  soon  goes  into 
fusion,  and  furnishes  a  steel  of  good  quality." 

Josiah  Marshall  Heath,  British  patent  10,798  of  1845,  de- 
scribed a  process  for  the  manufacture  of  cast  steel  on  the  bed 
of  a  reverberatory  furnace,  and  states  that  the  furnace  may  be 
heated  by  gas  formed  in  a  separate  gas  producer.  "  The  inte- 
terior  of  the  furnace  should  be  kept  at  the  highest  temperature 
that  can  be  produced.  A  bath  of  cast  iron  is  formed  on  J;he  bed 
of  the  furnace,  and  it  is  refined  by  the  addition  to  it  of  malleable 
iron  in  scraps,  or  in  any  convenient  form,  or  of  iron  which  has 
been  made  from  iron  ore  by  cementing  it  with  carbonaceous 
matter  at  a  red  heat  in  a  close  vessel "  (direct  process  blooms). 
It  is  thus  seen  that  the  fusion  of  steel  with  pig  iron  on  the  bed 
of  a  reverberatory  furnace,  for  the  purpose  of  making  cast  steel, 
was  known  at  least  as  early  as  1812 ;  that  the  fusion  of  pig  iron, 
together  with  oxidized  pig  iron  (that  is,  wrought  iron),  on  the 
bed  of  a  reverberatory  furnace,  for  the  purpose  of  making  steel, 
was  described  in  Paris  in  1845 ;  that  Heath's  process  for  making 
cast  steel  differs  in  no  respect  from  that  described  by  Bessemer, 
except  that  it  states  "  the  addition  of  malleable  iron,"  instead  of 
steeL  But  steel  was  used  in  a  bath  of  cast  iron,  as  already 
stated,  as  early  as  1812. 
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All  the  early  attempts  to  make  steel  on  a  reverberatory  furnace 
by  the  mixture  of  cast  iron  and  of  wrought  iron,  or  steel,  seemed 
to  have  failed  commercially  prior  to  1860,  for  three  reasons : 

(1)  The  lack  of  the  Siemens  regenerative  furnace,  or  any 
furnace  which  could  produce  and  steadily  maintain  the  tempera- 
ture necessary  to  hold  in  fusion  iron  low  in  carbon. 

(2)  The  want  of  knowledge  how  to  overcome  red-shortness, 
which  was  not  known  until  Mushet,  in  1856,  described  the  use 
of  spiegeleisen. 

(3)  The  lack  of  knowledge  of  the  chemical  composition  of  pig 
iron  required  to  make  good  steeL 

Bessemer,  therefore,  in  1855,  was  not  within  "measurable 
distance"  of  the  modern  open-hearth  process  any  more  than 
Heath,  who  anticipated  him  in  date  by  nearly  ten  years. 

The  next  point  whjch  is  open  to  question  is  the  following, 
taken  from  page  464  of  Sir  Henry's  paper :  "  No  one  who  had 
once  witnessed  the  conversion  of  fluid  pig  iron  into  malleable 
iron  by  a  blast  of  air  would  ever  propose  to  construct  a  con- 
verter with  an  opening  at  the  tc^  so  as  to  direct  this  fiery 
stream  upwards.  It  is  to  me  utterly  inconceivable  that  any 
man  who  had  once  witnessed  the  violent  eruption  accompanying 
the  converting  process  should,  after  such  an  experience,  design 
and  patent  a  converting  vessel  with  a  sloping  top  and  a  vertical 
outlet  so  admirably  adapted  to  throw  upward  and  discharge  so 
large  a  proportion  of  its  contents  as  that  shown  in  Fig.  184." 

It  appears  that  the  converter  now  used  in  the  most  modem 
American  works  is  exactly  of  this  description ;  it  has  a  sloping 
top  and  a  vertical  outlet,  admirably  adapted  to  throw  up  and 
discharge  its  contents.  On  page  63  of  Mr.  Harry  Campbell's 
recent  work  on  Structural  Sted  is  shown  a  sectional  view  of  an 
18-ton  converter  used  in  the  works  of  the  Maryland  Steel  Co. 
at  Sparrows  Point,  Md.,  which  is  here  reproduced  (Fig.  200). 
In  relation  to  Mushet,  Sir  Henry  Bessemer,  on  page  468  of  his 
paper,  states  that  he  described  in  his  patent  of  October  17, 
1855,  how  the  state  of  carburation  of  the  converted  metal  might 
be  regulated  by  the  addition  of  molten  pig  iron  after  the  blow 
had  taken  place,  and  as  this  patent  was  dated  eleven  months 
prior  to  Mr.  Mushet's  patent,  claiming  to  recarburize  the  con- 
verted metal  with  the  Qerman  metal  known  as  spiegeleisen, 
Mr.  Mushet  could  not  prevent  the  use  of  that  or  any  other  pig 
iron  to  recarburize  the  converted  metal  after  the  blow. 
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Mr.  Mushet's  patent  of  September  22,  1856,  clearly  shows 
that  the  effect  of  the  addition  of  spiegeleisen  was  not  merely 
a  recarburizing,  but  also  a  deoxidizing  of  the  bath  for  the  pur- 
pose of  overcoming  red-shortness.  Mushet  says  in  his  provi- 
sional specifications:  "The  oast  iron  has  been  purified  or 
decarbonized  by  blowing  air  through  it  when  in  the  melted 
state ;  it  is  difficult  to  convert  it  into  malleable  iron  or  steeL 
I  have  discovered  that  by  combining  such  purified  iron  in  a 


heated  state  with  a  triple  compound  consisting  of  or  containing 
iron,  manganese,  and  carbon,  also  in  a  heated  state,  I  can  obtain 
malleable  iron  or  steel."  In  his  complete  specifications  he  de- 
scribed at  length  the  difficulty  referred  to,  and  describes  the 
product  of  simple  decarburizing  as  'red-short'  or  *  hot-short,* 
and  says  the  ingots  so  made  are  also  generally  porous  or  cellu- 
lar in  structure. 

He  says  further:  "To  the  purified  cast  iron,  when  it  has 
become  wholly  decarburized,  or  nearly  so,  by  the  action  of  air 
forced  into  or  among  its  particles  whilst  it  is  in  a  molten  or 
fluid  state,  I  add  a  triple  compound  alloy,  or  material  of,  or 
consisting  of,  iron,  carbon,  and  manganese,  which  mixture  I  effecfc 
in  any  suitable  furnace  vessel  or  ladle.     ...    I  prefer  to  use 
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the  white  crystalline  cast  iron  metal  thus  obtained,  and  known 
in  Prussia  as  Spiegeleisen,  and  I  prefer  to  use  such  varieties  of 
this  white  crystalline  cast  iron  as  are  found  to  contain  a  large 
alloy  of  manganese." 

Mushet  further  states:  ''As  the  triple  compound  of  or  con- 
taining iron,  carbon,  and  manganese  parts  with  a  portion  of  its 
manganese  every  time  it  is  remelted,  I  prefer  to  use  that  which 
has  not  been  previously  remelted,  and  I  avoid  as  much  as  pos- 
sible any  repeated  remelting  of  it."  Mushet's  claim  is  "the 
addition  of  a  triple  compound  or  material  of  or  containing  iron, 
carbon,  and  manganese  to  cast  iron  which  has  been  purified  and 
decarburized  by  the  action  of  air  whilst  in  a  molten  or  fluid 
state,  or  in  any  convenient  manner." 

Sir  Henry  Bessemer  classes  "  the  German  pig  iron,  known  as 
spiegeleisen,"  as  being  simply  a  peculiar  kind  of  pig  iron.  It 
is,  nevertheless,  as  different  a  material  from  what  is  ordinarily 
called  pig  iron  in  commerce  as  ordinary  pig  iron  is  different 
from  tool  steel,  or  tool  steel  from  wrought  iron,  in  appearance, 
in  chemical  constitution,  and  in  physical  properties.  But 
spiegeleisen  differs  wholly  from  pig  iron  in  containing  metallic 
manganese,  which  has  the  peculiar  property  of  overcoming  the 
red-shortness  of  steel.  Sir  Henry  Bessemer  further  says,  on 
page  468 :  **  I  never  could  understand  why  American  steel  manu- 
facturers paid  royalty  for  the  use  of  these  invalid  patents  "—that 
is,  the  Mushet  patents.  The  fact  is  the  Mushet  patents  were 
not  invalid  in  America,  and  it  is  very  doubtful  if  they  or  the 
Kelly  patents  could  have  been  made  invalid  by  litigation.  In 
1865  the  Kelly  Process  Company,  owning  the  United  States 
patents  of  Kelly  and  Mushet,  and  Winslow,  Griswold  &  HoUey, 
owners  of  the  American  Bessemer  and  HoUey  patents,  concluded 
that  it  would  be  better  to  combine  their  interests  than  to  enter 
into  expensive  litigation,  and  the  combination  was  effected  on 
the  basis  of  70  per  cent,  of  the  royalties  going  to  the  owners  of 
the  Bessemer  and  HoUey  patents  and  80  per  ceni  to  the  owners 
of  the  Kelly  and  Mushet  patents.  (See  Robt.  W.  Hunt's  "  His- 
tory of  the  Bessemer  Manufactures  in  America,"  Dransaciions 
A.  S.  M.  E.,  vol.  V.)  The  owners  of  the  American  patents 
granted  to  Bessemer  and  HoUey  in  1865  no  doubt  considered 
there  were  strong  reasons  for  beUeving  the  KeUy  and  Mushet 
patents  to  be  valid  or  they  would  not  have  entered  into  such  an 
agreement. 
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Mr.  AUan  Stirling. — ^Every  member  of  this  Society  has  reason 
to  feel  deeply  gratified  in  having  this  paper  contributed  to  the 
.  Transactions.  Solid  and  enduring  fame  and  lustre  will  always 
attach  to  the  name  of  Bessemer  in  the  annals  of  the  race. 
The  railways  of  the  ante-Bessemer  period  had  iron  rails  easily 
rent  into  stringy  fibres  like,  brooms,  or  squeezed  in  patches 
like  dough,  although  the  rolling  stock  was  comparatively  light. 
Such  a  roadbed  could  in  no  sense  be  called  a  ''  permanent  way ; " 
a  ride,  even  for  a  short  distance,  was  taken  at  great  sacrifice  to 
the  nerves  and  injury  to  the  health.  The  Bessemer  steel  rails 
of  to-day  retain  their  smoothness  until  worn  out,  notwithstand- 
ing that  the  rolling  stock  is  very  much  heavier.  Lo^g  journeys 
can  be  undertaken  without  fatigue  ;  one  can  go  to  sleep  in  New 
York  and  wake  up  the  next  morning  in  Boston  ;  even  a  journey 
across  a  continent  can  be  made  a  rest  and  pleasure,  and  one  can 
be  in  better  condition  on  arriving  at  the  destination  than  when 
starting. 

But  it  is  not  in  the  passenger  service  alone  or  mainly  that 
Mr.  Bessemer  has  benefited  his  fellow-men.  We  are  to-day 
witnessing  a  most  marvellous  eflfect  of  his  process.  Fast  ships 
are  hurrying  from  San  Francisco  to  India  to  feed  the  many 
famine-stricken  ones  of  that  land,  and  the  Atlantic  Ocean  is 
dotted  with  grain-laden  vessels  crossing  to  supply  the  deficiency 
in  the  European  countries.  The  Bessemer  process  has  made 
those  things  possible  by  enabling  us  to  carry  grain  from  the 
interior  States  to  the  seaboard  so  cheaply  that  it  can  be  deliv- 
ered in  distant  lands  at  reasonable  prices.  A  famine  in  any 
portion  of  our  land,  or  even  in  any  portion  of  the  world,  is  made 
highly  improbable  by  reason  of  the  fact  that  the  Bessemer  rail 
enables  us  to  send  large  supplies  of  food  from  one  district  to 
another  at  a  low  cosi 

The  value  of  the  work  done  by  Mr.  Bessemer  cannot  be  over- 
estimated. No  one  can  read  the  famous  Cheltenham  paper 
without  feeling  that  it  is  the  product  of  a  master  mind.  Its 
simplicity  is  the  chief  merit  of  the  process.  The  principle  of 
the  invention  stands  out  as  a  great  fact,  and  Mr.  Bessemer  has 
proved  himself  to  be  a  brilliant  theorist,  and,  at  the  same  time, 
a  practical  artisan,  and  few  men  have  the  privilege  of  seeing 
their  inventions  so  completely  used  in  such  a  short  time. 

The  old  processes  produced  laminated  material  mixed  with 
intervening  oxygenated  scale,  separating  the  iron  into  strings 
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in  the  process  of  rolling.  The  great  fact  of  the  Bessemer  pro- 
cess is  that  he  produces  without  fuel  a  homogeneous  material 
at  a  cost  less  than  common  iron ;  and  without  fuel  he  generates 
an  intenser  heat  than  had  been  produced  before  with  fuel,  and  all 
this  by  a  rapid  operation  without  manual  labor.  Previous  to 
Bessemer's  time,  in  all  methods  of  refining  iron,  blast  was  intro- 
duced above  the  surface  of  the  metal  and  fuel  was  employed  to 
maintain  the  necessary  heat  Bessemer  introduced  the  blast  at 
the  bottom  of  the  metal  and  no  fuel  is  necessary,  and  it  was  he 
that  made  the  discovery  that  bis  method  furnished  enough  heat 
to  keep  the  metal  fluid  at  the  much  higher  temperature  neces- 
sary in  its  purified  condition. 

Mr.  Bessemer  has  contributed  materially  to  lessen  the  sever- 
ity of  the  sentence  passed  upon  Adam  that  he  should  eat  his 
bread  in  the  sweat  of  his  brow.  Men's  muscles  have  largely 
been  freed  from  wasting  drudgery,  and  used  only  in  healthy 
exercise  in  an  ever  increasing  percentage  of  the  human  race. 
The  sweat  of  the  brain  within  the  brows  is  now  in  a  largely 
increased  number  of  cases  the  true  reading  of  man's  destiny. 
Before  Bessemer's  time  it  took  five  heats  to  make  steel,  and  a 
great  deal  of  hard,  laborious  work,  and  even  the  inferior  iron  of 
the  time  required  three  heats  and  the  laborious  drudgery  of  the 
puddler.  Puddling  was  an  enormous  sacrifice  of  the  human 
race.  After  being  brought  at  great  expense  to  20,  a  puddler  had 
only  twenty  years  of  working  life,  for  at  40  the  average  puddler 
was  done. 

Without  wishing  unfairly  to  detract  from  any  credit  for  a 
similar  discovery  due  to  Kelly,  yet  I  submit  that  his  work  was 
still-bom  and  would  have  been  forgotten  and  of  no  benefit  to 
mankind  had  he  not  been  called  into  life  by  Bessemer.  Mr. 
Bessemer  deserves  the  credit  because  he  had  sufficient  energy, 
enthusiasm,  and  perseverance,  and  sufficient  capital.  It  was  re- 
served to  him  to  turn  to  enormous  practical  use  a  phenomenon 
known  and  practised  by  others  destitute  of  the  genius  to  turn  it 
to  account.  Others  approached  so  closely  to  him  that  it  is  diffi- 
cult to  understand  how  they  failed  to  arrive  at  his  result ;  but 
they  failed  and  he  succeeded,  and  that  makes  all  the  difference. 

Bessemer  deserves  special  credit  because  he  lived  in  a  coun- 
try of  prejudices  and  tradition  where  it  was  comparatively  diffi- 
cult to  make  progresa  This,  combined  with  the  fact  that  the 
processes  and  apparatus  then  in  use  were  an  evolution  and  were 
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at  that  time  incapable  of  being  explained,  together  with  the  dif- 
ficulty and  cost  of  experimenting,  give  him  a  place  among  the 
heroes  of  the  ages— the  leaders  of  mankind. 

It  is  a  source  of  great  gratification  to  every  right-thinking 
man  that  Mr.  Bessemer  obtained  good  patents  and  has  reaped 
substantial  pecuniary  rewards  for  his  genius.  The  iron-masters 
could  not  laugh  at  him.  He  had  brains  enough  not  only  to 
invent  but  to  reap  for  himself  a  considerable  portion  of  the 
pecuniary  results  of  his  inventions.  This  shows  a  substantial 
advance  in  the  position  of  the  inventor  since  the  time  of  Cort, 
whose  invention  of  the  puddling  furnace  and  grooved  rolls  about 
one  hundred  years  ago  marked  a  great  epoch  in  the  iron  trade. 
Cort  died  a  poor  man  although  the  inventor  of  a  process  which 
conferred  incalculable  benefits  on  the  race,  and  his  descendants 
were,  at  the  time  of  Bessemer's  inveution,  receiving  a  pension  of 
less  than  $100  a  year.  The  brain  of  a  man  of  genius  is  an  ele- 
ment of  great  pecuniary  value,  and  the  fact  that  such  men  as 
Bessemer,  Bell,  Westinghouse,  and  Edison  are  wealthy,  shows  a 
distinct  gain  in  the  public  morality  as  compared  with  the  time 
of  Cort.  Thanks  to  the  influence  of  a  free  press,  an  inventor  has 
to-day  a  good  chance  to  reap  the  reward  of  his  inventions: 
Every  nation  and  every  person  is  interested  in  seeing  that  the 
inventor,  who  is  our  constant  prop  and  stay,  our  watchman^ 
vigilantly  guarding  us  from  falling  into  the  condition  of  the 
Chinese,  should  have  fair  play  and  ample  remuneration. 

It  is  interesting  to  notice  the  fears  that  were  expressed  as  to 
the  results  of  the  Bessemer  process.  It  was  thought  that  the 
output  of  coal  would  be  reduced  so  much  that  the  poor  colliery 
proprietors  would  suffer,  and  a  deficiency  of  air  was  feared  on 
account  of  the  large  quantities  used  by  the  Bessemer  process. 

Kelly  was  awarded  the  American  patent  in  preference  to 
Bessemer,  although  he  made  his  invention  about  seven  years 
before  applying  for  a  patent.  Our  patent  law  has  been  amended, 
limiting  the  time  to  two  years.  The  English  patent  practice 
goes  back  to  the  time  of  Queen  Anne  and  calls  loudly  for 
amendment,  as  it  has  worked  in  many  cases  great  hardship  to 
inventors  who  are  not  residents  of  the  realm. 

In  reference  to  Mushet's  relation  to  the  Bessemer  process,  it 
should  be  said  that  the  idea  conveyed  by  Bessemer's  patents 
and  experiments  and  by  the  famous  Cheltenham  paper,  so  far  as 
I  have  been  able  to  study  them,  was,  that  the  blowing  was  to 
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be  arrested  at  various  stages  so  as  to  produce  various  qualities 
of  steel,  and  there  was  a  certain  amount  of  uncertainty  about  the 
results,  failure  and  successes  being  about  equally  divided.  The 
Cheltenham  paper  stated  that  part  of  the  oxygen' of  the  blast 
combined  with  the  iron ;  and  this  oxide  fuses  at  a  high  tempera- 
ture and  forms  a  powerful  solvent  of  the  earthy  bases  associated 
with  the  iron,  thus  washing  and  cleansing  the  metal  from  the 
earthy  bases,  the  sulphur  being  driven  oflf  by  the  high  tem- 
peratures. Mushet  furnished  the  carbon  for  recarburizing  and 
the  manganese  for  fluxing  at  one  heat,  so  that  it  seems  to  me 
the  American  steel  manufacturers  were  quite  right  in  recogniz- 
ing Mushet's  connection  with  the  process  and  in  paying  him 
handsomely. 

Bessemer's  relation  to  the  open-hearth  process  was  very  much 
like  Kelly's  to  the  Bessemer  process.  Probably  Mr.  Bessemer 
benefited  himself  and  mankind  generally  by  abandoning  his 
open-hearth  experiments  and  following  up  the  converter  system. 
Although  he  was  measurably  near  to  the  open-hearth  process, 
he  did  not  follow  it  up  and  make  it  a  commercial  success,  and 
it  was  reserved  for  others  to  put  it  into  practical  shape. 

It  is  interesting  to  notice  that  at  the  time  Bessemer's  inven- 
tion was  made  the  soundings  for  the  first  Atlantic  cable  were 
being  made,  and  that  the  Lake  Superior  ore  had  just  been 
tested  and  found  good,  and  it  was  suggested  that  this  ore  could 
be  delivered  in  Europe  at  a  low  rate.  The  completion  of  the 
Atlantic  cable,  and  the  extensive  use  of  Lake  Superior  ore,  com- 
bined with  the  Bessemer  process,  have  been  potent  factors  in 
the  development  of  this  country  during  the  last  forty  years. 
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at  that  time  incapable  of  being  explained,  together  with  the  dif- 
ficulty and  cost  of  experimenting,  give  him  a  place  among  the 
heroes  of  the  ages— the  leaders  of  mankind. 

It  is  a  soiirce  of  great  gratification  to  every  right-thinking 
man  that  Mr.  Bessemer  obtained  good  patents  and  has  reaped 
substantial  pecuniary  rewards  for  his  genius.  The  iron-masters 
could  not  laugh  at  him.  He  had  brains  enough  not  only  to 
invent  but  to  reap  for  himself  a  considerable  portion  of  the 
pecuniary  results  of  his  inventions.  This  shows  a  substantial 
advance  in  the  position  of  the  inventor  since  the  time  of  Cort, 
whose  invention  of  the  puddling  furnace  and  grooved  rolls  about 
one  hundred  years  ago  marked  a  great  epoch  in  the  iron  trade. 
Cort  died  a  poor  man  although  the  inventor  of  a  process  which 
conferred  incalculable  benefits  on  the  race,  and  his  descendants 
were,  at  the  time  of  Bessemer's  invention,  receiving  a  pension  of 
less  than  $100  a  year.  The  brain  of  a  man  of  genius  is  an  ele- 
ment of  great  pecuniary  value,  and  the  fact  that  such  men  as 
Bessemer,  Bell,  Westinghouse,  and  Edison  are  wealthy,  shows  a 
distinct  gain  in  the  public  morality  as  compared  with  the  time 
of  Cort.  Thanks  to  the  influence  of  a  free  press,  an  inventor  has 
to-day  a  good  chance  to  reap  the  reward  of  his  inventions. 
Every  nation  and  every  person  is  interested  in  seeing  that  the 
inventor,  who  is  our  constant  prop  and  stay,  our  watchman, 
vigilantly  guarding  us  from  falling  into  the  condition  of  the 
Chinese,  should  have  fair  play  and  ample  remuneration. 

It  is  interesting  to  notice  the  fears  that  were  expressed  as  to 
the  results  of  the  Bessemer  process.  It  was  thought  that  the 
output  of  coal  would  be  reduced  so  much  that  the  poor  colliery 
proprietors  would  suffer,  and  a  deficiency  of  air  was  feared  on 
account  of  the  large  quantities  used  by  the  Bessemer  process. 

Kelly  was  awarded  the  American  patent  in  preference  to 
Bessemer,  although  he  made  his  invention  about  seven  years 
before  applying  for  a  patent.  Our  patent  law  has  been  amended, 
limiting  the  time  to  two  years.  The  English  patent  practice 
goes  back  to  the  time  of  Queen  Anne  and  calls  loudly  for 
amendment,  as  it  has  worked  in  many  cases  great  hardship  to 
inventors  who  are  not  residents  of  the  realm. 

In  reference  to  Mushet's  relation  to  the  Bessemer  process,  it 
should  be  said  that  the  idea  conveyed  by  Bessemer's  patents 
and  experiments  and  by  the  famous  Cheltenham  paper,  so  far  as 
I  have  been  able  to  study  them,  was,  that  the  blowing  was  to 
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be  arrested  at  various  stages  so  as  to  produce  various  qualities 
of  steel,  and  there  was  a  certain  amount  of  uncertainty  about  the 
results,  failure  and  successes  being  about  equally  divided.  The 
Cheltenham  paper  stated  that  part  of  the  oxygen'  of  the  blast 
combined  with  the  iron ;  and  this  oxide  fuses  at  a  high  tempera- 
ture and  forms  a  powerful  solvent  of  the  earthy  bases  associated 
with  the  iron,  thus  washing  and  cleansing  the  metal  from  the 
earthy  bases,  the  sulphur  being  driven  oflf  by  the  high  tem- 
peratures. Mushet  furnished  the  carbon  for  recarburizing  and 
the  manganese  for  fluxing  at  one  heat,  so  that  it  seems  to  me 
the  American  steel  manufacturers  were  quite  right  in  recogniz- 
ing Mushet's  connection  with  the  process  and  in  paying  him 
handsomely. 

Bessemer's  relation  to  the  open-hearth  process  was  very  much 
like  Kelly's  to  the  Bessemer  process.  Probably  Mr.  Bessemer 
benefited  himself  and  mankind  generally  by  abandoning  his 
open-hearth  experiments  and  following  up  the  converter  system. 
Although  he  was  measurably  near  to  the  open-hearth  process, 
he  did  not  follow  it  up  and  make  it  a  commercial  success,  and 
it  was  reserved  for  others  to  put  it  into  practical  shape. 

It  is  interesting  to  notice  that  at  the  time  Bessemer's  inven-  ' 
tion  was  made  the  soundings  for  the  first  Atlantic  cable  were 
being  made,  and  that  the  Lake  Superior  ore  had  just  been 
tested  and  found  good,  and  it  was  suggested  that  this  ore  could 
be  delivered  in  Europe  at  a  low  rate.  The  completion  of  the 
Atlantic  cable,  and  the  extensive  use  of  Lake  Superior  ore,  com- 
bined with  the  Bessemer  process,  have  been  potent  factors  in 
the  development  of  this  country  during  the  last  forty  years. 
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DCCXXI.* 

THE  METUIC    VERSUS  THE  DUODECIMAL 
SYSTEM. 

A  REVIEW  OP  THE  FACTS. 

BY  OBOBQV  W.  COLLSS,  BOSTON,  MASS. 

(Junior  Member  of  the  Society.) 
••  Now  wbat  I  want  is,  facts." — Thomas  Gradorikd. 

During  the  recent  session  of  Congress,  in  December  of  1895,  a 
bill  was  presented  to  the  lower  House,  prescribing  the  intro- 
duction of  the  metric  system  of  weights  and  measures,  to  take 
the  place  of  our  own,  after  a  given  date,  by  compulsory  legal 
enactment.  This  bill  was  referred  to  the  Committee  on  Coin- 
age, Weights,  and  Measures,  and  as  modified  (or  rather  the  sub- 
stitute oflfered  —  essentially  unchanged)  by  them,  was  recom- 
mended to  the  House  for  favorable  action.  No  notice  *  was 
taken  of  the  bill  by  the  public  press  ;  and  had  it  not  been  for  a 
circular,  with  petition  blank  urging  its  passage,  distributed  by 
the  American  Metrological  Society,  it  probably  would  never 
have  come  to  my  notice.  Though  inclined  to  look  favorably  on 
the  metric  system,  it  seemed  to  me  that,  if  really  good,  it  could 
not  fail  to  spread  in  time  of  its  own  accord ;  that,  in  a  matter  of 
this  sort,  touching  so  closely  upon  the  riglita  as  well  as  upon  the 
welfare  of  the  people  at  large,  compulsion  should  not  be  entered 
into  without  grave  consideration  ;  and  that,  consequently,  the 
bill  had  not  received  the  consideration  due  to  its  importance ; 
for  those  who  were  most  aflfected  would  never  have  known  of  its 
existence,  except  by  its  passage.  A  few  months  after  this,  there 
appeared  in  one  of  our  magazines  ^  an  article  by  the  eminent 

*  Presented  at  the  New  York  meeting  (December,  1896)  of  tlie  American 
Society  of  Mecliauical  Engineers  and  fonning  part  of  Volume  XVIII.  of  the 
Transactions. 

*  Bj  notice  I  mean  something  more  than  a  paragraph  or  two  sandwiched  in 
atnon?  congrefssional  reports. 

*  Popular  Sci.  Mo.,  June,  1896.  This  article  had  been  originally  published 
in  the  form  of  letters  to  the  London  Times. 
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English  philosopher,  Mr.  Herbert  Spencer,  decrying  the  further 
spread  of  the  metric  system.  I  was  the  more  surprised  at  this, 
as  it  had  always  been  represented  to  me  that  no  one  whose 
opinion  was  worth  having  looked  upon  the  metric  system  as 
anything  other  than  a  universal  boon.  I  was  so  strongly  im- 
pressedj  however,  by  the  weight  of  the  considerations  brought 
forward  that  I  was  led  to  a  further  investigation  of  the  matter ; 
and  as  this  investigation  extended  to  some  length,  and  the 
change  proposed  was  one  of  such  momentous  importance  to  the 
nation  in  general  and  the  engineer  in  particular,  and  as,  further, 
many  or  most  of  the  members  have  probably  never  had  time  to 
look  into  the  merits  of  the  case  themselves,  but  must  take  them 
for  granted  as  presented  to  them  by  the  advocates  of  the  change, 
it  has  seemed  that  the  results  of  this  investigation,  and  the  con- 
clusions deduced  from  them,  would  be  of  value  to  the  Society. 

In  the  preparation  of  this  paper  it  was  at  first  intended  to 
deal  with  the  subject  only  in  its  engineering  aspects;  but  it 
was  soon  seen  to  be  of  so  much  wider  importance,  to  be  so  in- 
tricately connected  with  the  welfare  and  progress  of  society  in 
general,  that  justice  could  not  be  done  to  it  by  dividing  it  into 
its  parts.  The  indulgence  of  the  Society  is  therefore  requested 
ior  the  introduction  of  matters  which,  though  they  may  not 
appear  directly  connected  with  engineering,  yet  have  a  distinct 
and  important  bearing  on  that  profession.  We  should  also  bear 
in  mind  that  the  function  of  the  engineer  is  not  simply  to  con- 
struct and  operate  machinery,  to  build  bridges  and  railroads, 
but  to  look  far  into  the  future,  to  weigh  the  political,  social  and 
economic  sides  of  questions,  in  order  properly  to  determine  the 
popular  wants  which  he  is  called  upon  to  satisfy,  and  the  best 
means  of  satisfying  them. 

With  the  metric  or  French  decimal  system  most  of  us  are 
familiar.  Many  of  us  became  acquainted  with  it  at  school ;  and 
though  we  never  use  it  in  common  life,  and  but  rarely  in 
engineering  work,  it  is  frequently  brought  to  our  notice  by 
French  and  German  literature,  as  well  as  by  the  persistent  agi- 
tation of  its  friends.  The  other  system  under  discussion,  that 
which  we  use  every  day,  though  heterogeneous  in  the  relation 
of  its  units,  I  have  called  duodecimal,  from  its  distinguishing 
characteristic ;  its  primary  units,  the  pound  and  the  foot,  being 
originally  thus  divided,  as  expressed  in  the  words  ounce  and 
inch  (Lat.  uncia-^  one  twelfth) ;  at  the  same  time  including  under 
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that.title  any  general  scheme  for  bringing  the  latter  into  more 
perfect  harmony  with  the  duodecimal  principle.  It  will  be 
seen,  however,  that  the  system  might  with  equal  propriety  be 
called  octonary. 

These  two  schemes  for  weighing  and  measuring  are  funda- 
mentally diflfereni  They  originated  under  totally  different  cir- 
cumstances and  from  wholly  unrelated  causes.  They  are  to 
each  other  and  to  humanity  as  the  earthquake  and  the  flow  of 
water  are  to  the  form  of  the  earth's  crust,  and  have  had  about 
the  same  respective  influence.  The  metrical  decimal  system 
was  made  to  order  in  a  space  of  about  ten  years,  or  rather  of 
about  that  many  months.  The  duodecimal  system  is  a  natu- 
ral product — the  product  of  centuries — has  groton  up  with  the 
necessity  of  weighing  and  measuring,  and  from  a  period  ante- 
dating written  history.  It  is  true  that  the  other  may  be  termed 
natural  in  one  sense,  but  in  one  sense  only.  The  makers  of  the 
metric  system  took  for  their  base  of  relation  for  the  different 
units  the  base  of  the  generally  accepted  arithmetical  notation,. 
t.6.,  the  number  ten,  whose  use  as  such  is  no  doubt  even  more 
ancient  than  the  use  of  the  number  twelve  for  the  division  of 
matter. 

The  original  choice  of  the  number  ten  is  unquestionably  due 
to  the  habit,  coinmon  to-day,  of  using  one's  fingers  for  tallies. 
Had  nature  given  us  one  finger  less  on  each  hand,  our  arith- 
metical base  would  have  been  eight ;  with  one  more,  our  base 
would  have  been  twelve.  Either  would  have  served  as  well  for 
counting  as  the  number  ten;  and  it  is  generally  conceded 
among  mathematicians,  philosophers,  and  even  among  the  ad- 
vocates of  the  metric  system,  that  either  would  have  served 
far  better  than  the  number  ten  in  enabling  us  to  harmonize  our 
system  for  counting  with  our  system  for  the  division  of  matter. 
The  incommensurability  of  the  number  ten  with  either  eight  or 
twelve,  and  indeed  with  any  other  number,  not  a  multiple,  save 
two  and  five,  the  latter  of  which  is  almost  never  used  for  the  di- 
vision of  matter  (except  where  it  is  important  to  harmonize  with 
the  arithmetical  base),  has  been  a  source  of  the  greatest  incon- 
venience since  the  interconnection  of  the  two  processes  (count- 
ing and  measuring)  has  become  as  intricate  as  it  is  to-day. 

The  makers  of  the  metric  system  proposed  to  do  away  with 
this  inconvenience  by  harmonizing  the  bases  of  the  two  pro- 
cesses.    They  did  not,  however,  attempt  to  change  the  base  of 


THE   METRIC   VERSUS  THE  DUODECIMAL  SYSTEM.  496 

arithmetical  notation;  that,  after  due  consideration,'  they  re- 
jected (and  no  doubt  justly)  as  too  difficult  a  task  to  hope  for 
accomplishment.  The  process  of  counting,  with  its  tables  of 
addition,  subtraction,  multiplication  and  division,  being  more 
fundamental  even  than  the  process  of  measuring,  could  never  be 
re-taught  to  the  mass  of  men,  in  the  present  stage  of  advancement 
of  the  popular  mind,  so  that  such  a  change  would  obviously 
never  have  obtained  any  permanent  foothold  among  the  masses. 
What  they  did  propose  to  do  was  to  bring  the  system  of  meas- 
urement into  harmony  with  the  system  of  numeration  by  deci- 
malizing the  former,  and  to  this  they  saw  no  serious  obstacles. 
What  ones  they  found,  in  the  prosecution  of  this  gigantic 
undertaking,  we  shall  see  presently.  The  world  has  profited,  if 
not  by  their  system,  at  least  by  their  experience. 

It  has  been  proposed,  however,  by  those  who  have  since  la- 
bored with  the  same  aims,  but  who  have  seen  decided  objec- 
tions to  this  method,  to  retain  and  perfect  our  present  system  of 
measurement,  and  to  trust  to  time  the  changing  of  our  notation. 
Here,  then,  we  reach  the  first  division  of  our  subject :  that  of 
simple  duodecimal  weights  and  measures^  as  opposed  to  decimal ; 
and  of  duodecimal  notation.  The  latter,  being  itself  a  matter 
requiring  treatment  at  some  length,  if  at  all,  will  not  be  touched 
upon  in  this  paper;  nor  even  will  the  improvement  ol  the 
present  weights  and  measures  receive  more  than  brief  attention. 
A  lengfchy  consideration  of  these  would  only  serve  to  obscure 
the  main  problem,  which  is,  whether  the  metric  system  shall,  or 
can,  he  introduced  so  as  to  supplant  our  own. 

In  order  to  get  a  clear  view  of  the  question  in  all  its  bear- 
ings, it  will  be  necessary  to  take  &  brief  glance  at  the  history  of 
the  metric  as  well  as  of  our  present  system  of  measuring. 

'  Whether  or  not  tbey  did  give  proper  consideration  to  tlie  matter  of  a  duo- 
decimal system  of  weights  and  measures,  in  place  of  a  decimal,  without  &  change 
of  notation,  we  are  not  informed  ;  but  Delambre,  in  his  Base  du  Systeme  MHrique 
<tom.  iii.,  p.  802),  lias  answered  some  criticisms  on  this  score  by  saying,  that  if  it 
was  found  difficult  to  introduce  the  new  system  as  it  was,  it  would  have  been 
infinitely  more  so  had  the  numerical  base  been  changed  in  addition.  Jt  is  toler- 
ably obvious  from  this  that  they  did  not  deem  the  unification  of  weights  and 
measures  on  the  duodecimal  scale  merely y  leaving  the  other  change  to  follow  in 
course  of  time,  as  worth  their  consideration.  They  desired  to  accomplish  every- 
thing at  once,  or  nothing. 
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L  Historical.* 
France. 

The  metric  system  was  bom  in  the  fiery  period  of  history 
known  as  the  French  Bevolution.  Its  friends  do  not  tell  us 
much  about  its  origin ;  indeed,  they  deprecate  any  mention  of  it 
as  being  irrelevant  to  its  merits,  "intrinsically  imprudent," 
"  ungrateful  to  the  French  government  and  people,"  *  etc.  Nev- 
ertheless, in  view  of  certain  general  statements  as  to  what  the 
French  people  have  done,  held  up  to  us  as  an  example  of  what 
we  should  do,  it  may  be  neither  without  interest  Dor  without 
importance  to  take  a  look  at  the  actual  facts. 

It  was  in   the  year  1790,'  when  the  political  upheaval  in 

*In  the  following  summary  of  the  events  which  have  led  to  existing  condi- 
tions, I  have  endeavortsd  to  be  as  concise  as  possible ;  only  the  erents  having  an 
immediate  bearing  on  the  subject  in  hand  have  been  noticed. 

•J.  W.  Nystrom,  in  Jour.  Franklin  Inst,,  Vol.  CI.,  p.  885  (June,  1876). 

*The  reform  of  the  weights  and  measures  was  one  of  the  numerous  demands 
made  of  the  States-Qenera),  which  met  in  May,  1789.  It  was  referred  to  the 
Royal  Society  of  Agriculture,  two  of  whose  members,  MM.  Tillet  and  Abeille, 
prepared  a  comprehensive  memoir  on  the  subject,  which  was  presented  to  the 
Assembly  Feb.  6,  1790.  This  is  a  masterly  production,  worthy  of  a  place  beside 
the  work  of  Adams  and  the  British  committees,  but  which  an  unjust  fate  has 
consigned  to  the  profound  obscurity  of  the  Archives.  It  reviews  the  hifttory  of 
the  French  and  other  weights  and  measures,  and  discusses  the  best  means  of 
restoring  the  original  uniformity.  I  am  mindful  of  the  imperative  limitations 
of  my  space,  but  I  cannot  forbear  to  quote  their  closing  words  : 

"  We  de9:.*e,  for  the  honor  of  humanity,  that  tiie  result  of  so  splendid  a  work 
[i,e.,  an  exhaustive  investigation]  shall  be  to  substitute  for  the  probabilities 
which  many  pavaiits  have  already  collected  clear  proofs  of  the  ancient  existence 
of  a  universal  system  of  metrology.  *  Everything  leads  us  to  believe  that  this 
system  exists  yet,  and  that  it  is  only  necessary  to  clear  away  the  rust  which  dis- 
figure's  the  copies  to  find  that  the  nations  are  using  weights  and  measures  whose 
mother- standard,  found  in  nature,  has  always  been  the  same.  If  this  conjecture, 
already  supported  by  the  opinion  of  distinguished  savants  as  well  as  by  a  large 
number  of  facts,  observations  and  coincidences,  should  be  found  correct,  it  would 
be  neither  impossible  nor  difficult  to  recover  the  elementary  type  of  themeaMures 
of  all  European,  nnd  perhaps  of  all  civilized  nations." 

Lalaude,  the  astronomer,  also,  wrote  a  Memoir  on  the  new  measure  proposed  to 
he  established  in  France,  an  extract  from  which  is  appended  to  the  above  ;  in  which 
he  pointed  out  the  uselepsness  of  a  "natural  standard,''  and  the  very  difficulties 
which  have  since  been  realized  : 

*'The  Paris  toise  is  ho  well  known  throughout  the  world  that  I  do  not  think 
it  should  be  rejected  for  the  seconds  pendulum.  .  .  .  The  only  advantage 
perceived  in  it,  would  be  to  have  England  adopt  a  new  measure  taken  from 
nature    .     .     .    ;  but  a  general  revolution  in  the  two  nations  seems  to  me  impos* 
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France  was  just  beginning,  and  reforms,  more  and  more  radical^ 
were  being  proposed  on  all  sides,  that  the  Prince  de  Talleyrand 
brought  before  the  National  Assembly  a  proposal  to  abolish  the 
old  system  of  weights  and  measures,  to  be  in  part  or  in  whole 
replaced  by  a  new  one  founded  upon  the  length  of  the  seconds 
pendulum,  as  suggested  in  the  previous  century  by  Huyghens. 
This  proposal,  somewhat  modified,  was  adopted ;  and  it  was 
decreed,  with  laudable  public  spirit,  that  the  British  Parliament 
should  be  requested  to  cooperate  in  the  formation  of  a  joint  com- 
mission of  the  Boyal  Society  and  the  Academy  of  Sciences,  for 
the  determination  of  the  length  of  the  seconds  pendulum  and  of 
the  new  system  of  measurement  to  be  deduced  therefrom.  The 
British  Parliament,  however,  declined  this  invitation ;  or  rather 
(such  was  the  distrust  at  that  time  caused  by  the  rapidly 
darkening  political  horizon  in  France)  sent  them  no  answer. 
It  is  certainly  to  be  regretted  that  circumstances  made  such 
action  necessary  ;  but  we  may  be  satisfied  that,  even  if  the  pro- 
posal had  been  carried  into  effect,  and  the  commission  formed, 

sible.  The  operation  will  be  very  long,  very  embarrcMing,  very  incomplete.  It 
will  introduce  confusion  into  tiie  work  of  tbose  wlio  calculate,  and  be  absolutely 
useless  to  those  who  do  not. 

*' Moreover,  it  will  not  accomplish  the  object  proposed.  .  .  .  For  there 
will  akoaye  be  greater  uncertainty  in  the  length  of  the  pendulum  than  there  is 
in  the  difference  of  length  of  two  standards.  .  .  .  Suppose  we  should  actu- 
ally make  the  pendulum  experiments  with  all  precision  notp  possible ;  in  20 
years,  no  doubt,  they  will  be  made  toith  etiU  greater  preemon,  and  a  difference 
will  be  found  of  several  hundredths  [of  a  line].  Then,  according  to  the  adopted 
standard,  we  should  have  to  say,  by  a  new  calculation :  the  seconds  pendulum 
differs  from  our  standard  by  so  many  hundredths.     .    .     . 

**  It  is  then  an  illusion  to  imagine  that  the  natural  pendulum  will  ever  be  d^flxed 
standard.     .    •    . 

"  The  society  established  at  London  for  the  encouragement  of  the  arts,  having 
proposed  a  prize  In  1774  for  a  method  of  reducing  the  English  measures  to  a  6xed 
BinsidtiTd,  refected  the  idea  of  the  eeconde  pendulum,    .    .    . 

"  It  seems  to  me,  then,  that  the  time  has  gone  by  for  changing  it  [the  Paris 
standard].  But  the  confusion  which  reign«*  in  every  part  of  France  i«  an  intoler- 
able abuse f  a  relic  of  absurdity  tiud  feudal  barbarism, 

"Having  tried  to  show  that  the  Paris  toise,  so  well  known,  ought  not  to  be 
changed,  I  will  say  the  same  thing  about  the  reformation  of  the  calendar. 
Undoubtedly  it  would  be  better  if  our  year  commenced  at  the  vernal  equinox,  and 
the  mouths  of  80  and  31  days  were  more  regularly  distributed ;  but  this  ad- 
vantage, or  rather  this  simple  convenience,  would  never  balance  the  inconveniences 
of  the  real  disorder  which  would  be  found  in  our  calendars,  our  epochs,  our  datetf, 
our  histories,  our  foreign  relations  if  we  began  to  reckon  in  a  new  manner." 

Had  these  wise  and  moderate  counsels  prevailed,  all  would  have  l>eeu  well  ( 
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the  temper  and  aims  of  the  two  nationalities  respecting  the  sub- 
ject of  debate  would  have  made  any  agreement  impossible. 

Undiscouraged  by  this  rebuff,  the  National  Assembly  per- 
severed in  their  object  single-handed,  appointing  for  this 
purpose  a  committee  of  the  Academy  of  Sciences,  consisting 
of  five  of  its  most  eminent  members,  viz. :  Condorcet,  Borda, 
Lagrange,  Laplace  and  Monge."^  A  more  illustrious  com- 
mittee probably  never  met  together :  every  one  of  these  men 
was  of  world-wide  reputation ;  yet  it  contained  a  fatal  defect. 
No  man,  however  great,  can  comprehend  things  in  all  their 
relations.  Life  is  too  varied,  and  human  wants  too  intricate, 
too  broad,  and  too  far-reaching  ever  to  admit  of  it.  Every 
man's  experience  is  drawn  from  the  one  department  of  life  in 
which  he  has  found  his  vocation.  All  others  he  can  know  only  in 
a  general  way.  Among  these  great  men  there  was  not  a  merchant, 
not  a  lawyer,  not  a  banker  or  capitalist,  not  an  engineer,  not  an 
artificer  of  any  description.  Those  who  were  most  deeply  con- 
cerned had  not  a  single  representative.  These  men  were  all 
mathematicians.  They  had  spent  their  lives,  not  in  "  the  world's 
broad  field  of  battle,"  but  in  the  contemplation  of  the  stars,  in 
the  laboratory,  the  library  and  the  closet.  With  the  intricacies 
of  trade  they  could  not  be  expected  to  be  familiar ;  they  knew 
nothing  of  the  practical  working  of  machine-shops ;  the  great 
processes  of  manufacture,  on  which  life  itself  is  now  made  to 
depend,  were  to  them  a  sealed  book.  Is  it,  then,  wonderful  if 
they  did  not  evolve  something  in  all  respects  fitted  to  every-day 
service  in  the  practical  sphere?  Would  it  not  rather  be 
strange  if  they  had  done  so  ?  Their  genius,  their  skill,  their 
perseverance  during  nine  years  of  labor  and  many  great  dis- 
couragements, we  cannot  but  admire.  Their  work  will  be  a 
lasting  monument  of  man's  constant  effort  toward  improvement. 
"  It  is  one  of  those  attempts,"  says  John  Quincy  Adams,® "  which, 
should  it  even  be  destined  ultimately  to  fail,  would,  in  its  fail- 
ure, deserve  little  less  admiration  than  in  its  success."  But  the 
progress  of  the  world  cannot  be  made  to  depend  on  the  devot- 
edness  and  disinterested  motives  of  any  body  of  men ;  their 

'  H.  W.  Chislio]in,  a  good  autliority,  says  tbat  Lalande's  name  also  is  signed 
to  the  report  (I^ature,  Vol.  VIII.,  p.  886) ;  but  I  have  not  been  able  to  find  it. 
Probably  what  is  referred  to  is  his  memoir  quoted  abore — a  very  different  thing  I 

"  Report  to  the  Senate  and  House  of  Representatives,  1821.  For  an  account  of 
this  report,  whicli  will  be  often  quoted  in  this  paper,  see  p.  581. 
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work  must  be  gauged  strictly  bj  its  intrinsic  merits  ;  and  it  is 
no  reproach  to  them,  no  disparagement,  if  on  such  examination 
we  find  we  cannot  accept  it.^  The  most  experienced  of  commit- 
tees, in  facing  a  problem  so  enormous,  so  unprecedented,  as  the 
complete  subversion  of  a  national  system  of  weighing  and  meas- 
uring, would  not,  perhaps,  have  done  any  better.  But  here,  at 
any  rate,  was  the  first  mistake  (the  pet^sonnel  of  the  committee) — 
one  that  Great  Britain,  at  least,  whatever  may  be  the  faults  of 
her  weights  and  measures,  has  never  made  ;  and  the  evil  effects 
of  it  showed  themselves  the  instant  the  theory  was  put  into 
practice. 

This  committee,  after  a  brief  consideration,^^  on  March  19, 
1791,  reported  in  favor  of  a  scheme  which  was  practically  the 
metric  system  as  we  know  it.  Three  natural  standards  were 
considered ;  the  pendulum  beating  seconds,  a  quadrant  of  the 
equator,  and  a  quadrant  of  the  meridian,^^  of  which  the  last  was 
chosen  as  the  standard  for  comparison,  and  its  ten-millionth 
part  as  the  standard  of  linear  measure,  called  the  metre.  The 
standards  of  weight  and  capacity  were  to  be  decimally  related 
to  the  latter,  the  standard  of  WjBight  being  the  weight  of  the 
volume  of  distilled  water  at  the  freezing-point  contained  in  the 
standard  of  capacity. 

In  addition,  the  Celsius  or  centigrade  thermometer  was 
adopted  in  place  of  the  Reaumur  then  in  use,  and  the  number 
of  degrees  in  the  quadrant  was  changed  from  90  to  100,  to  cor- 
respond with  the  division  of  the  earth-quadrant  into  metres. 
To  complete  the  whole,  a  brand-new  nomenclature  was  fitted  to 
the  metrical  standards  and  their  decimal  multiples  and  sub- 
multiples. 

•The  preceding  remarks  will  perhaps  be  called  irrelevant.  Perhaps  they 
would  be,  were  it  not  for  the  "  arguments"  frequently  pressed  upon  us  in  print 
and  lecture-hall. 

"  About  fire  months  ;  they  were  appointed  in  October  (?),  1790.  A  British  com- 
mittee  might  hare  devoted  as  many  years — a  period  entirely  too  long  for  France. 

"The  reasons  given  for  the  rejection  of  the  first  were,  that  its  permanency  was 
not  definitely  known,  that  it  was  too  difficult  to  measure  with  accuracy,  and  that 
it  involved  the  acceptance  of  a  questionable  imit  of  time  ;  for  the  rejection  of  the 
second,  that  every  nation  did  not  possess  a  portion  of  the  equator,  and  that  it  was 
hence  not  strictly  international.  It  is  to  be  observed,  that  time  and  experience 
have  exactly  reversed  the  order  here  given  ;  for,  as  between  the  equator  and  a 
meridian,  the  latter  being  found  to  hHve  no  constant  length  in  various  parts  of  the 
globe,  the  choice  of  the  equator  would  at  least  have  avoided  this  difficulty;  both, 
however,  being  finally  rejected,  and  the  pendulum  being  made  the  real  standard. 
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It  may  be  worth  while  to  observe,  for  the  sake  of  historical 
accuracjy  that,  notwithstanding  generally  received  ideas,  and 
that  the  Commission  itself  says  nothing  to  the  contrary,  the 
idea  of  a  universal  system,  as  they  embodied  it,  did  not  originate 
with  them,  but  with  a  humble  priest  and  choir-master  of  the 
collegiate  church  of  Si  Paul  at  Lyons,  about  a  century  previous. 
His  name  was  Gabriel  Mouton ;  his  book  was  published  in  1670. 
This  man,  who  has  never  received  any  credit  for  his  invention, 
proposed  to  decimalize,  not  indeed  the  quadrant  of  the  earth's 
circumference,  but  the  mvnute^  his  scheme  being  as  follows  :  ^ 

1  millesima  or  punctum  (point),  aboat  0.007  iuches. 
10  millesimae  =  1  centesima  or  graniim  (g^in),       "     0.078      '* 
10  centesimae  =.  1  decima  or  digitus  (finger),  "     0.729      " 

10  decimae       =  1  virgula  (wand),  "     7.29 

lOvirgulae      =  1  virga  (rod),  **     6  feet. 

10  virgae         =  1  decaria  or  funiealus  (cable),        **    61  '* 

10  decariae      =  1  centuria  or  stadium  (furlong),      ''  608  *' 

10  centoriae    =  1  uiilliare  =  1  nautical  mile,  or  1  minute  of  tbe  equator. 

Mouton  was  also  the  first  to  propose  the  pendulum  principle 
(discovered  a  few  years  before)  for  preserving  the  exact  length 
of  the  standard,  as  La  Gonda*mine  has  admitted ;  and  he  car- 
ried out  a  highly  creditable  series  of  measurements  on  the  pen- 
dulum for  this  purpose.  Yet  in  the  report  of  that  great  committee 
"  we  seek  in  vain  for  a  proper  recognition  of  obligation,  and  find 
in  a  few  lines  a  mutilated  account  of  Mouton's  scheme,  while  he 
barely  escapes  condemnation  in  some  words  of  faint  praise  from 
those  who  had  thought  of  a  universal  measure."  '^ 

The  report  of  the  committee  to  the  Academy  was  transmitted 
by  that  body  March  26, 1797,  to  the  National  Assembly,  which  ac- 
cepted it  and  immediately  proceeded  to  carry  out  its  provi- 
sions.    A  committee,  consisting  of  MM.  Mechain  and  Delambre, 

"  It  will  be  seen  that  Mouton's  unit  is  just  equal  to  a  fathom  and  very  close  to 
six  English  feet,  and  the  alternative  names  he  wisely  gave  to  his  units  are  such 
as  the  people  would  readily  accept.  It  may  truly  be  said  that  tbe  parts  the 
French  Academicians  altered  they  did  not  improve  on. 

"  J.  H.  Gore,  in  American  Jour,  Science,  January,  1891.  Professor  Gore  says, 
further,  regarding  the  report  of  the  **  Commission  des  Poids  et  Mesures"  of 
1799  :  '*  In  the  detailed  account  of  operations  which  follow,  there  is  interspersed  a 
large  amount  of  praise  for  the  participants — from  Talleyrand,  who  laid  the 
propositicn  before  the  Assembly  on  May  8,  1790,  down  to  the  laborers  who  car- 
ried in  the  prototype.  .  .  .  But  one  looks  in  vain  for  a  mention  even  of  the 
name  of  the  humble,  modest  priest  who  deserves  the  credit  of  first  proposing  *a 
type  taken  from  Nature  herself,  as  unalterable  as  the  globe  which  we  inhabit.*  ** 
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was  appointed  to  ascertain  the  length  of  a  meridian  by  measure- 
ments on  that  passing  through  Paris  between  Dunkirk  and 
Barcelona  (the  same  was  afterwards  extended  to  Formentera), 
and  to  make  sundry  other  measurements  to  the  same  end; 
another,  consisting  of  Borda,  Mechain  and  Oassini,  to  measure 
the  length  of  the  seconds  pendulum,  as  a  second  standard  of 
comparison;  another,  of  Lef^vre-Gineau  and  Fabbroni  (a. for- 
eign associate),  to  determine  the  standard  of  weight  by  experi- 
ments on  water ;  and  a  large  committee  on  weights  and  measures 
to  form  scales  of  comparison  between  the  new  and  the  old 
measures.  ^ 

The  work  thus  laid  out  required  more  than  eight  years  for  its 
completion.  It  was  faithfully  completed  by  the  several  persons 
to  whom  it  had  been  encharged,  to  the  best  of  their  ability,  and 
in  the  face  of  hardships,  difficulties  and  discouragements  of 
great  magnitude,  as  well  as  of  the  ingratitude  of  the  very  nation 
which  had  appointed  them  and  depended  on  the  results  of  their 
labors.  But  it  is  not  to  be  supposed  that  any  such  length 
of  time  was  considered  necessary  by  the  National  Assembly ; 
France  was  at  that  time  progressing  too  rapidly  to  admit  of  such 
delay  ;  and  scarcely  two  years  had  passed  before  the  Assembly, 
losing  its  patience,  on  August  1, 1793,  passed  a  law  causing  the 
new  system,  or  rather  a  provisional  system,  to  go  into  effect 
immediately^  the  dimensions  of  the  standards  being  hastily  com- 
puted from  previous  measurements,  and  a  provisional  nomencla- 
ture, entirely  different  from  anything  in  use  either  before  or  since, 
being  at  the  same  time  annexed.  "This  extraordinary  law," 
says  John  Quincy  Adams,  "  was  probably  intended,  as  it  directly 
tended,  to  prevent  the  further  prosecution  of  the  original  plan." 

I  need  not  dwell  on  the  political  details  of  that  period.  But 
from  those  bloody  and  fanatical  scenes  not  even  the  abstruse 
and  impartial  labors  of  mathematics  and  mechanics  were 
exempt  Mechain  was  made  a  political  prisoner  in  Spain; 
Lavoisier,  one  of  the  most  brilliant  and  active  members  of  the 
Commission,  and  an  associate  of  the  first  Committee,  was  guil- 
lotined, with  twenty-seven  others  of  his  profession,  in  the  idea 
that  "  the  republic  had  no  need  of  savants."  ^^    Condorcet,  their 

"  This  was  the  actual  reply  made  to  those  who  begged  the  life  of  Lavoisier. 
There  seems  to  have  been  no  particular  reason  for  taking  his  life  except  that 
given.  For  his  work  in  connection  with  the  metric  system,  see  Nature,  Vol. 
IX.,  p.  185. 
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first  chairman,  poisoned  himself  in  prison  to  escape  the  same 
fate.  Of  the  rest,  Borda,  Laplace,  Coulomb,  Brisson,  and 
Delambre,  not  being  radical  enough  to  suit  the  ideas  of  the 
time,  were  dismissed  from  the  commission,  and  escaped  the 
general  proscription  with  their  lives ;  the  Academy  of  Sciences 
was  abolished ;  and  the  work  of  the  commission  brought  to  a 
summary  stop. 

"Yet  even  Robespierre  and  his  committee  were  ambitious, 
not  only  of  establishing  the  system  of  new  weights  and  measures 
in  France,  but  of  offering  them  to  the  adoption  of  other  nations ; 
.  .  .  and  on  the  2d  of  August,  1794,  the  two  standards  were, 
by  the  then  French  minister  plenipotentiary  Fauchet,  sent  to 
the  Secretary  of  State  [in  America],  with  a  letter,  recommending, 
with  some  urgency,  the  adoption  of  the  system  by  the  United 
States.  This  letter  was  communicated  to  Congress  by  a  message 
from  the  President  of  the  United  States,  of  the  8th  of  January, 
1795."" 

Meanwhile  to  complete  the  scheme  of  tens  by  which  every- 
thing henceforth  was  to  be  divided  up,  with  the  overthrow  of 
the  Qt) vemment  in  1792,  the  old  calendar  and  divisions  of  time 
were  swept  away  in  their  entirety,  and  replaced  by  one  more 
modem,  more  simple  and  more  systematic.  They  could  not, 
to  be  sure,  change  the  length  of  the  day ;  nor  could  they  make 
one  hundred,  or  one  thousand  of  them  into  a  year;  and  as 
they  had  determined  to  retain  the  division  into  months,  they 
found  it  necessary  also  to  retain  their  number,  twelve.  To  these 
months  fanciful  names  were  given.^*  Each  consisted  of  three 
weeks  or  decades,  each  week  of  ten  days,  each  day  of  ten  hours, 
each  hour  of  100  minutes,  and  each  miuute  of  100  seconds. 
This  arrangement  provided  for  only  360  days  of  the  year,  how- 
ever ;  the  remaining  five  or  six,  having  no  month  to  cover  them, 
were  derisively  termed,  in  the  political  slang  of  the  day.  Sans- 
culoUideSy  and  were  turned  into  a  kind  of  Saturnalia. 

"The  decimal  divisions,  and  the  fanciful  contexture  of  the 
equinoctial  calendar,"  says  John  Quincy  Adams,  **  were  a  sort 
of  episode  to  the  new  system  of  metrology.  The  attempt  to 
decimate  the  year  and  its  number  of  days  was  equally  useless 
and  absurd."    Indeed,  it  may  be  called  the  redudio  ad  absurdum 

'•  Quoted  from  the  Report  of  John  Quincy  Adams. 

*•  The  year  began  at  the  autumnal  equinox  (September  22),  when  "the  sun 
entered  the  sign  of  the  balance,  the  symbol  of  equality." 
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of  the  decimal  scheme.  It  was  accordingly  the  first  to  break 
.  down,  the  day  of  100,000  seconds  not  even  outlasting  the  revo- 
lution from  which  it  sprung. 

During  the  same  period,  also,  the  decimal  coinage  of  France 
was  instituted.  A  law  of  October  7,  1793,  made  the  weight  of 
the  new  unit,  the  franc,  to  be  ten  grammes,  both  in  gold  and 
silver.  It  was  never  carried  out,  but  superseded  by  one  of 
August  15,  1794,  reducing  the  silver  franc  to  five  grammes  and 
abolishing  the  gold  one.  The  livre  of  twenty  sous  was  abolished 
altogether.  This  reform,  however,  was  carried  on  somewhat 
separately  from  the  other  decimal  measures ;  and  owing  to  its 
only  indirect  connection  with  the  subject  in  hand,  and  the 
lengthy  details  of  the  insane  financial  legislation  with  which  it 
was  accompanied  (an  equally  instructive  lesson  for  ourselves  in 
another  branch  of  political  economy),  the  subject  will  not  here 
be  farther  pursued. 

Neither  did  the  poor  and  imperfect  methods  of  those  who  go 
down  to  the  sea  in  ships  escape  the  vigilance  and  devotedness 
of  the  philosophers  in  their  efforts  to  improve  the  condition  of 
the  race.  The  decimal  divisions  of  the  quadrant,  and  its  rela- 
tion to  the  metre,  have  already  been  mentioned  ;  to  which  were 
added,  the  new  compass  of  40  rhumbs  instead  of  32 ;  the  new 
log-line,  divided  into  kilometres  instead  of  nautical  miles ;  the 
new  sounding-line,  divided  into  metres  instead  of  brasses ;  and 
.  the  new  cable-length  of  200  metres  instead  of  100  toises.  And 
that  the  seaman  might  have  the  full  benefit  of  the  new  system, 
though  in  his  ignorance  and  prejudice  he  might  not  understand 
his  best  interests,  he  was  compelled  to  use  it  at  sea,  just  as  his 
countrymen  were  on  land.  '^A  French  navigator,  suffering 
practically  under  the  attempt  thus  to  navigate,  decimally,  the 
ocean,  recommended  to  the  National  Assembly  to  decree,  that 
the  earth  should  perform  400  revolutions  in  a  year."  " 

In  the  republic  thus  inaugurated,  in  which  all  things  were 
made  new,  it  was  a  truism  that  they  should  not  be  allowed  to 
become  old.  Accordingly  the  same  law  which,  at  the  end  of  a 
year  and  a  half,^®  abolished  the  decimal  division  of  the  day, 
abolished  also  the  nomenclature  of  weights  and  measures  estab- 
lished by  the  law  of  August  1, 1793.     This  was  on  April  7,  1795 

"  Report  of  John  Quincy  Adams. 

*"The  decimal  calendar,  established  by  a  law  of  October  5,  1792,  was  not 
made  compulsory  until  November  24,  1793. 
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(my  readers  will  be  spared  the  "  metrical "  calendar).  The 
Academy  of  Sciences,  which  had  been  itself  abolished  in  August, 
1793,  was  at  the  same  time  reconstituted,  but  under  a  new  name, 
the  "  National  Institute  "  ;  *•  and  finally,  the  old  Commission  of 
Weights  and  Measures  was  replaced  by  a  new  one  of  twelve 
persons,  namely  :  BerthoUet,  Borda,  Brisson,  Coulomb,  Darcet, 
Delambre,  Lagrange,  Laplace,  Lef^vre-Qineau,  Legendre,  Me- 
chain  and  Prony.^  The  "  definitive  "  nomenclature,  being  that 
which  we  know,  as  formulated  by  the  first  committee,  was  now 
adopted;  and  the  measurement  of  the  meridian,  after  an  in- 
terruption of  a  year  and  a  half,  was  resumed.  Towards  the 
close  of  the  work,  in  1798,  eleven  foreign  associates"  were  added 
to  the  commission,  to  give  the  new  system  an  international 
character,  or  at  least  the  appearance  of  one.  In  that  year 
MM.  Delambre  and  Mechain  had  finished  their  arduous  work, 
and  their  report,  when  completed,  together  with  all  their  ob- 
servations and  calculations,  and  all  those  of  the  committees 
on  the  length  of  the  pendulum  and  the  weight  of  the  kilogramme, 
were  finally  subjected  to  the  scrutiny  of  the  mathematical  and 
physical  section  of  the  National  Institute,  previous  to  their 
acceptation.  The  construction  of  a  platinum  standard  metre, 
in  accordance  with  the  calculations,  was  delegated  to  Lenoir ; 
of  a  platinum  standard  kilogramme,  to  Fortin ;  ^  which  stand- 
ards, when  completed,  were  presented,  on  June  22,  1799,  to  the 
two  branches  of  the  National  Assembly,  amid  great  pomp  and- 
circumstance,  and  afterward  carefully  deposited  in  the  National 
Archives. 

The  account  of  these  operations,  to  the  casual  observer,  no 
doubt,  seems  simple  enough;  or  even,  to  use  the  words  of 
Laplace  before  the  National  Assembly,  "  beautiful,  grand,  sub- 
lime, worthy  of  the  brilliant  age  in  which  we  live."  But  the 
remarkable  facts,  which  only  experience  could  reveal,  and  the 


"  VIuBtUut  National  des  8eience$  et  Arts, 

**  Nature,  Vol.  VIII.,  p.  887.  Adams  gives  Hatty,  Monge,  and  Vandermonde  in 
place  of  Darcet,  Legendre,  and  Lef^vre-Gineau.  Probably  aU  were  members  at 
one  time  or  anoiUf^r.  The  names  of  all  tbe.-^e  and  8**veral  more  are  signed  to  tbe 
reports  of  the  various  sub-committees,  etc. 

**  The  countries  represented  were  :  Spain  and  the  Batavian  Republic,  2  each  ; 
Denmark,  Sardinia,  Tuscany,  tbe  Roman,  Cisalpine,  Ligurian  and  Helvetian  re- 
publics, 1  each.  Only  three  of  these  r^untries  have  now  any  political  existence. 
It  is  to  be  ob«erve(i  that  France  had  more  members  than  all  the  others  combined. 

"  Celebrated  instrument-makers  of  Paris. 
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formidable  doubts  to  which  they  gave  rise,  could  not  be  com- 
pensated by  the  most  precise  of  measurements,^— could  not  be 
obscured  by  the  most  elegant  of  theories,  nor  concealed  by  the 
grandest  of  ceremonies.  Laplace  and  his  colleagues  had  pro- 
ceeded on  the  assumption  that  the  earth  was  a  perfect  sphere, 
or  at  least  a  perfect  spheroid,  though  the  amount  of  ellipticity 
of  the  meridional  section  was  not  definitely  known.  It  was  the 
work  assigned  to  Mechain  and  Delambre  to  determine  this  ellip- 
ticity with  an  exactness  never  before  approximated.  Their 
method  depended  on  the  relative  length  of  the  successive  de- 
grees of  the  arc  they  had  selected  for  measurement.  But  it 
was  found  that  these  had  no  definite  relation^  The  length  of  the 
degree  was  discovered  to  be  a  variable  following  no  known  law 
of  variation,  and  only  approximately  the  spheroidal  law.  But 
this  was  not  all.  Other  measurements  taken  in  Peru,  Lapland 
and  elsewhere  proved  the  equator  itself  to  be  elliptical  Thus 
was  the  idea  of  universality  for  the  new  standard  defeated; 
while  the  large  assumptions  made  necessary  in  order  to  recon- 
cile the  discordant  values  of  the  degree  rendered  the  minute 
accuracy  of  seven  years  completely  vain.  Years  after  the  pla- 
tinum standard  had  been  filed  away  in  the  Archives  it  became 
definitely  known  that  its  length  was  seriously  in  error."  But 
when  the  question  arose  of  constructing  a  new  and  correct  stand- 
ard to  replace  the  old  one,  the  uncertainty  even  then  as  to 
what  was  correct,  and  how  long  it  would  remain  so,  and,  more- 
over, the  superhuman  task  of  finding  out,  were  too  great,  and 
the  supposed  advantages  of  the  exact  ten-millionth  part  too  small, 
to  compensate  for  the  infliction  of  still  another  standard  of  meas- 
urement on  unfortunate  France,  already  then  laboring  under  no 
less  than  four  different  systems,  three  of  which  embodied  the 
efforts  of  her  philanthropic  legislators  to  rid  her  of  the  fourth. 
So  the  principle  which  lay  at  the  base  of  the  whole  system,  as 

"  The  angular  measaremeots  were  made  to  the  hundredth  of  a  second  of  arc; 
the  base-line  measnrements  were  made  with  a  micrometer  microscope  (the  meas- 
uring bars  being  laid  end  to  end  without  touching),  and  carefully  corrected  in 
eacli  case  for  temperature,  etc.  To  Borda  is  due  the  credit  of  the  construction 
of  the  instruments  used  for  the  purpose. 

•*  The  exact  amoaot  of  the  error  remains  unknown  to  tbis  dny.  and  owing  to 
tlie  uncertain  nature  of  the  natural  standard,  probably  always  will.  It  is  gener. 
ally  reckoned  that  the  metre  is  short  by  xiir  to  t^t  of  *n  inch.  The  **  provi- 
sional "  metre  of  April  7,  1795,  was  about  t^tt  of  an  inch  lon^t-r  than  that  finally 
adopted,  and  would  therefore  have  made  a  better  standard  than  the  latter. 
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it  had  presented  itself  to  the  great  minds  which  conceived  it, 
was  at  length  openly  abandoned ;  and  the  labors  of  so  many 
years,  consecrated  by  the  death  of  three  of  the  nation's  greatest 
sons,^  remained  in  history  only  as  the  monument  of  an  unsuc- 
cessful attempt  after  a  worthy  object. 

It  remained  for  the  kilogramme  to  share  the  same  fate  as  the 
metre.  When  the  scheme  was  devised,  the  unique  property  of 
water,  of  contracting  instead  of  expanding  from  the  melting-point 
for  a  short  distance  up  the  thermometric  scale,  was  unknown. 
This  was  the  discovery  of  MM.  Lef^vre-Gineau  and  Fabbroni ; 
and  though  no  doubt  a  famous  discovery,  it  doubled  the  diffi- 
culty of  their  task,  superadding  a  new  one,  that  of  finding  the 
point  of  maximum  density  of  water.  But  without  going  further 
into  the  work  of  the  Commission  it  is  sufficient  to  observe  that 
the  standard  platinum  kilogramme  was  found  by  later  measure- 
ments, like  the  metre,  to  be  in  error  by  a  small  but  measur- 
able quantity ;  in  spite  of  which,  however,  the  standard  of  the 
archives,  and  not  the  cubic  decimetre  of  water,  was  affirmed  to 
be  the  true  kilogramme,  at  the  same  time  that  the  earth-quadrant 
was  abandoned  as  a  standard  for  the  metre. 

The  two  most  fundamental  principles  of  perfect  simplicity  and 
beauty  having  been  of  necessity  resigned,  let  us  now  see  how  it 
fared  with  the  third  and  most  important,  viz.,  the  decimal  divi- 
sions, involving  the  use  of  the  scientific  nomenclature.  The  new 
language  of  measurement  was  as  near  perfection  as  could  well  be 
desired.  One  meaning,  and  but  one,  was  attached  to  each  word ; 
the  terms  were  mutually  exclusive ;  and  there  was  not  the  slight- 
est danger  of  confusion  with  the  existing  units.  "  The  theory  of 
this  nomenclature,"  says  John  Quincy  Adams,  "was  perfectly 
simple  and  beautiful  Twelve  new  words,  five  of  which  denote 
the  things,  and  seven  the  numbers,  include  the  whole  system  of 
metrology ;  give  distinct  and  significant  names  to  every  weight, 
measure,  multiple,  and  subdivision  of  the  whole  system  ;  .  .  . 
and  keep  constantly  present  to  the  mind  the  principle  of  decimal 
arithmetic.  .  .  .  Yet  this  is  the  part  of  the  system  which 
has  encountered  the  most  insuperable  obstacles  in  France. 
The  French  nation  have  refused  to  learn,  or  repeat  these  twelve 
words.     .     .     .     They  take  the  metre ;  but  they  must  call  one- 

**  M6chain  died  September  20,  1806,  from  the  effects  of  a  fever  contracted  in 
the  completion  of  the  work  in  Spain.  For  Condorcet  and  Lavoisier  see  pa^  501. 
Borda  also  died  February  20,  1799,  but  from  natural  causes. 
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third  part  of  it  a  fooi  They  accept  the  kilogramme ;  but  instead 
of  pronotmcing  its  name,  they  choose  to  call  one-half  of  it  a 
pound."  The  same  perversion  of  terms  is  common  in  France  to 
this  day.  "  The  cheerful,  ready,  and  immediate  adoption,  by  the 
mass  of  the  nation,  of  these  twelve  words,  would  have  secured 
the  triumph  of  the  new  system  in  France.  .  .  .  The  aetier 
would  no  longer  have  been  a  common  representative  for  12 
boisseaux  of  com,  for  14  of  oats,  for  1&  of  salt,  and  for  32  of 
coal,  and  for  8  pints  of  wine.  ...  It  is  mortifying  to  the 
philanthropy,  which  yearns  for  the  improvement  of  the  condi- 
tion of  man,  to  know  that  this  is  precisely  the  part  of  the 
system  which  it  has  been  found  impracticable  to  carry  through." 
Such,  then,  was  the  condition  in  France  in  1821,  twenty-five 
years  after  the  inauguration  of  the  metric  system ;  and  such  it 
remained  for  the  twenty  years  following.  But  let  us  return 
once  more  to  the  period  of  the  Bevolution  to  inquire  after  the 
fortune  of  the  decimal  divisions.  (It  is  almost  a  foregone  con- 
clusion that  they  could  not  go  very  far  without  their  names.)  It 
will  be  remembered  that  the  same  day  (April  7,  1795)  that  saw 
the  adoption  of  the  new  nomenclature  saw  also  the  rejection, 
after  a  year  and  a  half  s  trial,  of  the  decimal  divisions  of  the 
day ;  though  it  is  to  be  remarked,  that  in  one  sense  these  divi- 
sions contravened  the  original  plan,  by  establishing  a  new  value 
for  the  length  of  the  pendulum,  which  was  to  act  as  a  secondary 
standard  of  comparison  for  the  metre.  The  same  law  prescribed 
the  use  of  the  decimal  divisions  exdicsively  for  weighing  and 
measuring,  under  pains  and  penalties.  It  is  unnecessary  to 
mention  what  opposition  to  the  law  meant  in  those  days.  But 
not  even  Gallic  philosophy  could  long  put  up  with  the  intoler- 
able inconvenience  of  such  regulations;  and  an  attempt  was 
made,  late  in  1799,  to  allow  the  use  of  the  old  terms,  at  least, 
in  substitution  for  the  new  ones.  Though  unsuccessful,  this 
attempt  was  followed  by  a  gradual  relaxation,  which  finally 
became  complete.  On  April  8,  1802,  the  week  of  ten  days  was 
repealed.  On  November  23,  1802,  the  law  prescribing  the  form 
and  dimensions  of  casks  for  wine  and  other  liquors  in  an  exact 
number  of  litres  ^  was  repealed — a  law  whose  folly  was  evident 
from  the  fact  that  it  entirely  precluded  any  commerce  whatever 
in  those  commodities  between  other  countries  (such  as  Eng- 

^ There  was  a  list  of  prescribed  sizes  and  dimensiona  in  millimetreB  from  50 
to  1,000  litres. 
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land)  whose  laws  prescribed  other  and  customary  sizes.  On 
September  9,  1805,  the  whole  of  the  remaining  portion  of  the 
new  calendar  was  formally  abandoned.  Finally,  on  February 
12, 1812,  after  more  than  eighteen  years  of  compulsion,  and  at  a 
moment  when  a  widely  popular  measure  was  required  of  him, 
the  Emperor  Napoleon  issued  a  decree  completely  abandoning, 
except  for  a  few  special  cases,  the  decimal  principle,  and  restor- 
ing once  more  to  the  people  the  foot,  the  ell,  the  toise,  the 
pound,  the  boisseau,  and  all  their  customary  subdivisions. 

This  new  enactment  was  called  the  Systeme  Usttel  /  but  it  was 
far  from  being  the  usual  system.  For  the  measures  to  which 
these  terms  were  now  applied  were  not  the  old  measures,  but 
near  approaches  to  them  only,  in  terms  of  the  metrical  units. 
Thus,  the  toise  was  not  the  old  toise,  but  two  metres ;  the  foot 
was  not  the  old  foot,  but  one- third  of  a  metre;  the  ell  was  12 
decimetres  ;  the  boisseau  ^  hectolitre,  and  so  on. 

The  effects  of  this  unfortunate  new  attempt  to  relieve  the 
commercial  distress  of  the  nation  may  well  be  imagined.  For 
besides  giving  to  it,  as  to  its  units,  names  which  neither  it  nor 
they  could  justly  lay  claim  to,  it  merely  superadded  a  new  mode 
of  measurement  to  the  already  existing  diversity  instead  of 
driving  them  out,  as  perhaps  its  promulgator  had  imagined. 
The  unhappy  country  now  had  no  less  than  four  different 
systems,  viz. — (1)  that  which  existed  before  the  Revolution,  of 
which,  says  Mr.  Adams,  **  there  is  yet  (1821)  a  very  extensive 
remnant  in  use  ; "  (2)  the  "  Provisional  System,"  established  dur- 
ing the  Revolution ;  (3)  the  "  Definitive  System,"  established  De- 
cember 10,  1799  ;•  and,  lastly  (4)  the  "  Usual  System,"  so  called, 
of  February  12, 1812.  It  was  not  attempted  to  compel  the  use  of 
this  latter,  it  being  the  idea  of  the  Emperor  to  use  it  only  as  a 
makeshift  until,  at  the  end  of  ten  years,  experience  and  delibera- 
tion should  have  shown  the  best  way  out  of  the  thick  cloud  of 
difficulties  which  presented  themselves ;  a  period,  long  before  the 
expiration  of  which  the  first  empire  and  its  glories  had  vanished, 
and,  it  is  deeply  to  be  regretted,  any  improvement  in  existing 
conditions  forestalled. 

Then  ensued  twenty-five  years  of  inextricable  chaos  and 
countless  frauds.  "  The  small  dealers  in  groceries  and  liquors, 
and  marketmen,  gave  the  people  the  fifth  of  a  kilogramme  for 
a  half-pound,  and  a  fifth  of  the  litre  for  a  half  setier.  .  .  . 
The  half-setier,  just  equivalent  to  our  half-pint,  was  the  measure 
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in  most  common  use  for  supplying  the  daily  necessities  of  the 
poor ;  and  thus  the  decimal  divisions  of  the  law  became  snares 
to  the  honesty  of  the  seller  and  cheats  upon  the  wants  of  the 
buyer." ^'  Finally,  when  a  king'®  was  again  seated  on  the 
throne  of  France,  on  July  4,  1837,  a  royal  decree  was  issued  re- 
pealing that  of  1812,  and  ordering  the  exclusive  use  of  the  deci- 
mal metric  system.  It  was  followed  by  two  others  of  1839 
modifying  the  denominations  allowable,  and  prescribing  the 
form  and  dimensions  of  all  instruments  and  measures.  These 
laws  came  into  force  on  January  1,  1840,  since  which  date  no 
further  attempts  have  been  made  to  meddle  with  so  dangerous 
a  subject — the  experience  of  the  past  having  proved  a  sufficient 
guide  for  the  conduct  of  the  future. 

We  will  not  here  follow  further  the  progress  of  the  metric 
system ;  but  before  continuing  our  history,  we  may  profitably 
pause  to  reflect  upon  the  lesson  and  the  warning  which  is  here 
set  before  us ;  not  to  do  so  would  argue  a  heedlessness  and 
want  of  sound  judgment  equalled  only  by  that  of  the  unlettered 
demagogues  whom  the  social  upheaval  of  the  French  Bevolution 
brought  to  the  front.  It  is  indeed  unfortunate  to  be  obliged  to 
recount  the  story  of  the  past  failings  aud  mistakes  of  a  sister 
republic  in  her  imitation  of  our  own  struggle  for  liberty ;  never- 
theless, since  we  are  asked  to  pursue  a  course  of  compulsory 
legislation  similar  to  theirs,  the  subject  is  too  important  to  allow 
of  our  reason  being  subdued  by  our  sentiment  And  here  I 
cannot  do  better  than  once  more  to  quote  from  the  Beport  of 
John  Quincy  Adams. 

"The  changes  which  have  forced  themselves  upon  the  new 
system,  under  the  attempt  to  reduce  it  to  practice,  should  serve 
as  admonitions  to  correct  the  errors  of  theory."  ..."  The 
decimal  numbers  applied  to  the  French  weights  and  measures, 
form  one  of  its  highest  theoretic  excellences.  It  has,  however, 
been  proved  by  the  most  decisive  experience  in  France,  that 
they  are  not  adequate  to  the  wants  of  man  in  society ;  and 
for  all  the  purposes  of  retail  trade,  they  have  been  formally 
abandoned.  The  convenience  of  decimal  arithmetic  is  in  its 
nature  merely  a  convenience  of  calculation ;  it  belongs  es- 
sentially to  the  keeping  of  accounts ;  but  it  is  merely  an  inci- 
dent to  the  transactions  of  trade.     It  is  applied,  therefore,  with 

"  Report  of  John  Quincj  AdaDis. 
••Louis  Philippe. 
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unquestionable  advantage  to  moneys  of  account,  as  we  have 
done  :  yet,  even  in  our  application  of  it  to  the  coim^  we  have 
not  only  found  it  inadequate,  but  in  some  respects  inconven- 
ient." .  .  .  "A  glance  of  the  eye  is  sufficient  to  divide 
material  substances  into  successive  halves,  fourths,  eighths 
and  sixteenths.  A  slight  attention  will  give  thirds,  sixths  and 
twelfths.  But  divisions  of  fifth  and  tenth  parts  are  among  the 
most  difficult  that  can  ba  performed  without  the  aid  of  calcula- 
tion. Among  all  its  conveniences,  the  decimal  division  has  the 
great  disadvantage  of  being  itself  divisible  only  by  the  num- 
bers two  and  five."  .  .  .  "For  a11  the  uses  of  weights  and 
mefitsurea,  in  the  ordinary  application  to  agriculture,  traffic,  and 
the  mechanic  arts,  it  is  perfectly  immaterial  what  the  natural 
standard  to  which  they  are  referable,  was.  The  foot  of  Hercu- 
les, or  the  arm  of  Henry  the  First,  or  the  barley-corn,  are  as 
sufficient  for  the  purpose  as  the  pendulum,  or  the  quadrant  of 
the  meridian.  The  important  question  to  them  is  the  cor- 
respondence of  their  weight  or  measure  with  the  positive  stand- 
ard." ..."  The  standard  taken  from  the  admeasurement 
of  the  earth  had  no  reference  to  the  admeasurement  and  powers 
of  the  human  body.  The  metre  is  a  rod  of  forty  inches :  and 
by  applying  to  it  exclusively  the  principle  of  decimal  division^ 
no  measure  corresponding  to  the  ancient  foot  was  provided. 
An  unit  of  that  denomination,  though  of  slightly  varied  dif- 
ferences of  length,  was  in  universal  use  among  all  civilized 
nations ;  and  the  want  of  it  is  founded  in  the  dimensions  of  the 
human  body.  Perhaps  for  half  the  occasions  which  arise  in  the 
life  of  every  individual  .for  the  use  of  a  linear  measure,  the  in- 
strument, to  suit  his  purposes,  must  be  portable,  and  fit  to  be 
carried  in  his  pocket.  Neither  the  metre,  the  half-metre,  nor 
the  decimetre  are  suited  to  that  purposa.  The  half-metre  cor- 
responds indeed  with  the  ancient  cubit ;  but  perhaps  one  of  the 
causes  which  have  everywhere,  since  the  time  of  the  Greeks, 
substituted  the  foot  in  the  place  of  the  cubit,  has  been  the  supe- 
rior convenience  of  the  shorter  measure.  Besides  which,  the 
cubit  being  the  unit,  the  half-cubit  might  serve  the  purposes 
of  the  foot ;  but  the  metre,  divisible  only  by  two  and  by  ten, 
gave  no  measure  practically  corresponding  with  the  foot  what- 
ever."    .     .     . 

"  Thus,  then,  it  has  been  proved,  by  the  test  of  experience, 
that  the  principle  of  decimal  divisions  can  be  applied  only  with 
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many  qualifications  to  any  general  system  of  metrology ;  that 
its  natural  application  is  only  to  numbers ;  and  that  time,  space, 
gravity  and  extension  inflexibly  reject  its  sway.  The  new 
metrology  of  France,  after  trying  it  in  its  most  universal  theo- 
retical application,  has  been  compelled  to  renounce  it  for  all  the 
measures  of  astronomy,  geography,  navigation,  time,  the  circle, 
and  the  sphere ;  to  modify  it  even  for  superficial  and  linear  meas- 
ure, and  to  compound  with  vulgar  fractions  in  the  most  ordinary 
and  daily  uses  of  all  its  weights  and  all  its  measures.  .  .  . 
Yet  a  system  of  weights  and  measures,  which  excludes  all  ge- 
ography, astronomy,  and  navigation,  from  its  consideration, 
must  be  essentially  defective  in  the  principle  of  uniformity." 

The  metric  system,  then,  formed  in  fact  a  long  chain,  in  which 
"  the  metre  and  the  second  were  the  intermediate  links  connect- 
ing science  and  practical  life,  having  the  solar  system  at  one 
end,  and  a  quart  measure  at  the  other."  ^  The  fault  of  its 
inventors  was  that,  being  accustomed  to  the  contemplation  of 
the  universe,  they  began  at  the  wrong  end  of  this  chain.  They 
were  so  anxious  to  obtain  a  system  which  should  be  utterly  free 
from  any  taint  of  partiality  or  national  prejudice,  which  should: 
be  ideally  and  absolutely  perfect,  which  should  be  as  lasting  as 
the  globe  and  never  need  revision,  that  they  could  find  their 
type  only  in  the  heavenly  harmony  from  which  "  this  universal 
frame  began."  But  alas  for  this  perfection  !  for  when  they  had, 
by  the  long  and  laborious  processes  of  science,  arrived  at  the 
other  end  of  the  chain,  man  was  found  to  be  so  imperfect  a 
being,  that  the  scheme  was  unsuitable  to  his  use,  and  that  he 
either  could  not,  or  would  not,  accept  it.  It  was  in  vain  to 
launch  legislative  thunders  or  to  deprecate  his  ingratitude  :  the 
legislator  and  the  scientist  alike  found  that  they  had  arrived  at 
a  force  which  they  could  not  control — a  bound  beyond  which 
they  could  not  pass.  It  has  never  been  suggested  that  any 
other  nation,  or  the  same  nation  under  any  other  circumstances, 
would  have  ventured  even  to  think  of  such  an  undertaking,  or 
to  have  made  their  selection  of  a  system  of  measurement  in 
the  same  manner  or  on  the  same  basis.  It  is  therefore  con- 
cluded that  the  opinion  is  not  without  justification,  that  the 
metrical  is  "  the  most  unpractical  of  systems,  which  required 


••  Report  of  Committee  of  the  Franklin  Institute,  J,  Frank,  Inst.,  June,  1876, 
370. 
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the  most  theoretical,  sentimental  and  revolutionary  of  nations 
to  adopt  it"  ~ 

OreaJt  Britain. 

Let  us  now  turn  to  a  brief  review  of  the  less  pretentious  his- 
tory of  our  own  homely  English  system,  or  lack  of  it  (a  phrase 
which  the  metric  advocates  are  fond  of  using).  There  are  even 
some  who  derisively  assert  that  it  has  no  history ;  and  that, 
like  Topsy  in  Unde  TonCa  Cabin^  it  was  never  made,  but  "jest 
growed."  It  is  true  that  its  history  has  been  less  brilliant  than 
the  other ;  but  it  has  been  age-long  in  duration.  It  is  true  that 
it  has  no  immortal  genius  to  father  it,  or  if  it  has,  his  name  is 
buried  in  antiquity, — as  even  that  of  Laplace  may  some  day  be  ; 
the  only  father  to  whom  it  can  now  lay  claim  is  Man  in  the 
aggregate.  But  if  the  custom  still  obtains  of  putting  '^age 
before  beauty,"  then  our  own  system  must  take  the  precedence. 
This  is  more  important  than  may  at  first  appear ;  for  it  must 
be  remembered  that  our  system  of  weighmg  and  measuring  is 
the  result  of  centuries  of  natural  selection — the  sole  survivor  of 
hundreds  of  others  which  have  lived  and  died  or  still  exist  only 
in  semi-civilized  countries ;  while  the  new-comer  has  yet  to 
stand  the  test  of  time.  But,  what  is  most  important  of  all,  poa- 
session  is  nine  points  of  the  luw  /  so  that  it  is  not  merely  a  ques- 
tion as  to  which  is  the  better  of  the  two,  abstractly  considered, 
but  the  onus  probandi  is  entirely  upon  the  later  system,  and 
it  must  show  incontestable  superiority  over  that  now  in  use 
before  it  can  presume  to  take  its  place. 

In  order  to  see  shortly  whether  the  latter  really  is  a  system, 
though  somewhat  the  worse  for  wear,  we  have  only  to  turn  to 
the  statute-book  of  England  for  the  year  1266,  where  we  find 
that 

"  By  the  consent  of  the  whole  realm  of  England,  the  measure  of 
the  king  was  made ;  that  is  to  say,  that  an  English  penny ^  called 
a  sterling,  round,  and  without  any  clipping,  shall  weigh  thirty- 
two  wheat  corns  in  the  midst  of  the  ear,  and  twenty  pence  do 
make  an  ounce,  and  twelve  ounces  one  pound,  and  eight  pounds 

••L.  D.Jackson,  "Simplified  Weigh  to  and  Measures,"  Spon,  London,  1876. 
So  also  Gen.  C.  W.  Pasley :  "  I  believe  that  no  plan  nf  a  public  measure  of  any 
importance  was  ever  worse  concocted  or  more  injudicious,  or  has  been  subject  to 
more  capricious  changes,  than  what  was  originally  called  the  Republican  systein 
of  weights  and  measures."  (Paper  read  before  British  Association,  Section  F, 
Aug.  12,  1856.) 
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do  make  a  gallon  of  wine^  and  eight  gallons  of  mne  do  make  a 
liondon  bushel,  which  is  the  eighth  part  of  a  quarter."  ^' 

We  have  here  a  law  which,  as  Mr.  Adams  truly  remarks, 
"  unfolds  a  system  of  uniformity  for  weights,  coins  and  measures 
of  capacity,  very  ingeniously  imagined,  and  skilfully  com- 
bined ;  "  and,  he  might  have  added,  far  excelled  in  its  practical 
adaptation  to  the  wants  of  its  users,  the  "  theoretic  excellences  " 
of  the  French  decimal  system.  *'  Under  this  system,  wheat " 
(the  chief  article  of  commerce)  "  was  bought  and  sold  by  a 
combination  of  every  property  of  its  nature,  with  reference  to 
quantity ;  that  is,  by  number,  weight,  and  measure.  It  makes 
wheat  and  silver  money,  the  two  weights  of  the  balance,  the 
natural  tests  and  standards  of  each  other.  It  combines  an  uni- 
formity of  proportion  between  the  weight  and  the  measure  of 
wheat  and  of  wine  "  (the  chief  liquid  of  commerce).  "  To  this, 
with  regard  to  wheat,  it  gave  the  further  advantage  of  an 
abridged  process  for  buying  or  selling  it  by  the  number  of  its 
kernels." 

"  The  only  notice,"  continues  Mr.  Adams,  "  which  most  of 
the  modem  writers  upon  English  weights  and  measures  have 
taken  of  this  statute,  has  been  to  censure  it  for  taking  kernels 
of  wheat  as  the  natural  standard  of  weights ;  with  the  very  ob- 
vious remark  that  the  wheat  of  different  seasons  and  of  differ- 
ent fields,  and  often  even  of  the  same  field  and  the  same  season, 
is  different.  Bv4,  the  statute  i^  cha/rgeahle  vnth  no  such  uncertainty. 
The  statute  merely  describes  how  the  standard  measure  of  the 
exchequer    .     .     .     was  made." 

In  order  to  understand  more  perfectly  the  system  embodied 
in  the  statute,  let  us  represent  it  in  the  form  of  a  table  : 

4x8  wheat-corns  make 1  penny  sterling. 

20  pence  **     1  oance. 

12  ounces  "     1  «^eW»n^  pound. 

8  pounds  (of  wfieat)  make 1  wine-gallon  (by  mecaiire)* 

8  wine-gallons  of  wine  "  1  bushel  (by  weight), 

8  bushels  " 1  quarter. 

It  is  to  be  observed  that  the  basis  for  the  whole  system  rests 
upon  the  easterling  "  or  sterling  pound ;  and  that  therefore  the 

"  Cited  by  J.  Q.  Adams  in  his  Report.     The  italics  are  his. 

**  This  name  is  said  to  be  derived  from  the  weight  having  been  originaUy  in- 
troduced by  •*  easterlings,"  i.e,,  French  and  Qerman  traders  ;  but  It  is  certainly 
far  more  ancient.     The  standard  dated  probably  from  Charlemagne,  and  was 
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the  most  theoretical,  sentimental  and  revolutionary  of  nations 
to  adopt  it"  ~ 

Great  Britain. 

Let  us  now  turn  to  a  brief  review  of  the  less  pretentious  his- 
tory of  our  own  homely  English  system,  or  lack  of  it  (a  phrase 
which  the  metric  advocates  are  fond  of  using).  There  are  even 
some  who  derisively  assert  that  it  has  no  history ;  and  that, 
like  Topsy  in  Unde  TonCa  Cabi%  it  was  never  made,  but  "jest 
growed."  It  is  true  that  its  history  has  been  less  brilliant  than 
the  other ;  but  it  has  been  age-long  in  duration.  It  is  true  that 
it  has  no  immortal  genius  to  father  it,  or  if  it  has,  his  name  is 
buried  in  antiquity, — as  even  that  of  Laplace  may  some  day  be  ; 
the  only  father  to  whom  it  can  now  lay  claim  is  Man  in  the 
aggregate.  But  if  the  custom  still  obtains  of  putting  '^age 
before  beauty,"  then  our  own  system  must  take  the  precedence. 
This  is  more  important  than  may  at  first  appear ;  for  it  must 
be  remembered  that  our  system  of  weighmg  and  measuring  is 
the  result  of  centuries  of  natural  selection — the  sole  survivor  of 
hundreds  of  others  which  have  lived  and  died  or  still  exist  only 
in  semi-civilized  countries ;  while  the  new-comer  has  yet  to 
stand  the  test  of  time.  But,  what  is  most  important  of  all,  pos- 
session is  nine  points  of  the  law  ;  so  that  it  is  not  merely  a  ques- 
tion as  to  which  is  the  better  of  the  two,  abstractly  considered, 
but  the  onus  probandi  is  entirely  upon  the  later  system,  and 
it  must  show  incontestable  superiority  over  that  now  in  use 
before  it  can  presume  to  take  its  place. 

In  order  to  see  shortly  whether  the  latter  really  is  a  system, 
though  somewhat  the  worse  for  wear,  we  have  only  to  turn  to 
the  statute-book  of  England  for  the  year  1266,  where  we  find 
that 

"  By  the  consent  of  the  whole  realm  of  England,  the  measure  of 
the  king  was  made ;  that  is  to  say,  that  an  English  penny ^  called 
a  sterling,  round,  and  without  any  clipping,  shall  weigh  thirty- 
two  wheat  corns  in  the  midst  of  the  ear,  and  twenty  pence  do 
make  an  ounce,  and  twelve  ounces  one  pound,  and  eight  pounds 

••L.  D.Jackson,  "Simplified  Weights  and  Measures,"  Spon,  London,  1876. 
So  also  GJen.  C.  W.  Pasley :  **  I  believe  that  no  plan  of  a  public  measure  of  any 
importance  was  ever  worse  concocted  or  more  injudicious,  or  has  been  subject  to 
more  capricious  changes,  than  what  was  originally  called  the  Republican  system 
of  weights  and  measures."  (Paper  read  before  British  Association,  Section  F, 
Aug.  12,  1856.) 
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do  make  a  gallon  of  wine,  and  eight  gallons  of  mne  do  make  a 
liondon  bushel,  which  is  the  eighth  part  of  a  quarter."  '* 

We  have  here  a  law  which,  as  Mr.  Adams  truly  remarks, 
''  unfolds  a  system  of  uniformity  for  weights,  coins  and  measures 
of  capacity,  very  ingeniously  imagined,  and  skilfully  com- 
bined ;  "  and,  he  might  have  added,  far  excelled  in  its  practical 
adaptation  to  the  wants  of  its  users,  the  "  theoretic  excellences  " 
of  the  French  decimal  system.  **  Under  this  system,  wheat " 
(the  chief  article  of  commerce)  "was  bought  and  sold  by  a 
combination  of  every  property  of  its  nature,  with  reference  to 
quantity ;  that  is,  by  number,  weight,  and  measure.  It  makes 
wheat  and  silver  money,  the  two  weights  of  the  balance,  the 
natural  tests  and  standards  of  each  other.  It  combines  an  uni- 
formity of  proportion  between  the  weight  and  the  measure  of 
wheat  and  of  wine  "  (the  chief  liquid  of  commerce).  "  To  this, 
with  regard  to  wheat,  it  gave  the  further  advantage  of  an 
abridged  process  for  buying  or  selling  it  by  the  number  of  its 
kernels." 

"The  only  notice,"  continues  Mr.  Adams,  "which  most  of 
the  modern  writers  upon  English  weights  and  measures  have 
taken  of  this  statute,  has  been  to  censure  it  for  taking  kernels 
of  wheat  as  the  natural  standard  of  weights ;  with  the  very  ob- 
vious remark  that  the  wheat  of  different  seasons  and  of  differ- 
ent fields,  and  often  even  of  the  same  field  and  the  same  season, 
is  different.  But  the  statute  i^  cha/rgeahle  vnth  no  such  uncertainty. 
The  statute  merely  describes  how  the  standard  measure  of  the 
exchequer    .     .     .     was  made." 

In  order  to  understand  more  perfectly  the  system  embodied 
in  the  statute,  let  us  represent  it  in  the  form  of  a  table  : 

4x8  wheat-corns  make 1  penny  sterling. 

20  pence  **     1  ounce. 

]2oance8  ** 1  «^«W»n^  pound. 

8  pounds  (of  wfieat)  make 1  wine-gallon  (by  meature), 

8  wine-gallons  of  trine  "  1  bushel  (by  weight). 

8  bushels  •' 1  quarter. 

It  is  to  be  observed  that  the  basis  for  the  whole  system  rests 
upon  the  easterling  "  or  sterling  pound ;  and  that  therefore  the 

"  Cited  by  J.  Q.  Adams  in  his  Report.     The  italics  are  bis. 

**  This  name  is  said  to  be  derived  from  the  weight  having  been  originally  in- 
troduced by  •*  easterlings,"  i.e.,  French  and  Qerman  traders  ;  but  It  is  certainly 
far  more  ancient.  The  standard  dated  probably  from  Charlemagne,  and  was 
33 
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people  had  constantly  before  them  the  standard  of  weight  in 
the  silver  shilling  (not  here  mentioned)  and  the  silver  penny ; 
until — what  has  invariably  happened — the  debasement  of  the 
currency  began,  and  was  continued  by  one  monarch  after  an- 
other, leaving  the  people  without  any  standard,  and  throwing 
the  values  of  the  other  quantities  into  confusion."  But  it  is 
also  to  be  observed  that  the  capacity  measures,  the  gallon, 
bushel  and  quarter,  are  established  by  weight,  not  by  volume  ; 
a  circumstance  which  marks  the  origin  of  the  tioo  weights  and 
two  measures  which  are  still  extant ;  two  weights,  one  for  silver, 
the  other  for  merchandise ;  two  measures,  one  for  wine,  the 
other  for  wheat.  For  each  of  these  are,  or  originally  were, 
related  to  each  other  in  the  ratio  of  the  specific  gravities  of 
wine  and  wheat —the  chief  liquid  and  solid  articles  of  commerce ; 
that  is,  in  the  ratio  of  4  to  5. 

Now  the  statute  states  that  "  eight  pounds  do  make  a  gallon 
of  wine,"  meaning  **  eight  pounds  of  wheat  fill  a  wine-gallon ; " 
as  is  seen  by  a  subsequent  confirmatory  act  (1304),  which  ex- 
pressly mentions  eight  pounds  of  wheat.  But  in  the  next  clause 
it  states  that  '^  eight  gallons  of  wine  do  make  a  London 
bushel,"  in  which  the  wine-gallon  is  used  in  its  usual  sense  as 
a  weight,  not  a  measure,  and  is  filled  with  wine,  not  with  wheat. 
There  can  be  no  doubt  that  the  use  of  the  same  expression  to 
mean  two  different  things — a  weight  and  a  measure — is  a  serious 
defect  in  the  statute,  viewed  as  a  guide  for  future  generations  ; 
and  it  is,  in  fact,  this  very  ambiguity  which  has  led  to  confusion, 
contradictory  laws,  and  a  multiplicity  of  measures.     This  law. 


derived  originally  from  the  Romans;  and,  according  to  Mr.  Adams,  *'had  been 
used  at  the  mint  for  centuries  before  the  Conquest."  The  pound  of  Charlemagne 
was  called  litre  esterUn ;  Mr.  Adams  concludes  that  there  was  also  a  western 
pound,  which  was  the  original  of  the  avoirdupois.  There  was  indeed  a  libra 
orxidua  Valentiniani — a  western  pound  of  Valentinian  (4th  century),  the  first 
ruler  of  the  Western  Empire  ;  but  what  this  pound  was  is  doubtful.  (DuCange, 
OloasariuM  Med,  et  Inf.  Lat.,  ed.  Henschel  &  Favre,  1886,  tom.  5,  p.  95,  art. 
Libra.)  It  is  probable,  however,  that  it  was  the  Greek  mitia  of  sixteen  ounces. 
But  the  sterling  was  not  the  same  as  either  the  troy  or  the  avoirdupois  pound, 
which,  though  derived  from  the  same  original  source,  were  not  introduced  until 
the  following  century;  and  in  the  jumble  which  followed,  some  features  of  the 
old  system  engrafted  themselves  on  the  new. 

^'  The  present  pound  sterling  contains  less  than  one-third  its  original  weight 
of  silver.  But  the  French  livre,  at  the  time  of  the  French  Revolution,  contained 
less  than  ^^  part  of  its  original  weight. 
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however,  merely  crystallized  the  common  usage,  and  its  terms 
were  perfectly  understood  at  the  time  it  was  enacted. 

But  neither  wheat  nor  wine  was  weighed  by  the  sterling 
pound  of  twelve,  but  by  the  commercial  pound  of  fifteen  ounces ; 
as  is  seen  once  more  by  the  confirmatory«act  of  1304,  which  says 
that  "  every  pound  of  money  and  of  medicines  consists  only  of 
twenty  shillings  weight ;  but  the  pound  of  aU  other  things  consists 
of  twenty-five  shillings.  The  ounce  of  medicines  consists  of 
twenty  pence,  and  the  pound  contains  twelve  ounces ;  but  in 
other  things,  the  pound  contains  fifteen  ounces,  and,  in  both 
cases,  the  ounce  is  of  the  weight  of  twenty  pence."  Both  the 
act  of  1266,  indirectly,  and  that  of  1304,  directly,  therefore, 
established  the  ratio  of  the  two  weights,  viz.,  4  to  5. 

Although  at  this  period  the  lighter  pound  was  used  neither 
for  liquid  nor  for  grain,  it  undoubtedly  originated  from  the  use 
of  a  common  measure  for  both.  The  gallon  measure,  for  in- 
stance, would  contain  eight  pounds  of  wheat,  or  eight  pounds 
of  wine  ;  but  the  former  pound  was  only  four-fifths  the  weight 
of  the  latter.  Afterwards,  however,  the  process  was  reversed, 
and  the  pound  of  wheat  being  made  equal  to  the  pound  of 
wine,  the  gallon  of  wheat  (the  so-called  "corn-gallon,"  now 
obsolete)  was  of  a  capacity  one-fourth  greater  than  the  gallon 
of  wine.  Hence  arises  the  unfortunate  circumstance  that  there 
'  still  survive  among  us  two  different  weights,  each  called  a 
pound ;  and  two  different  measures  of  capacity,  each  called  a 
gallon.  Undoubtedly  it  was  for  convenience  that  each  of  these 
relations  was  originally  instituted,  and  no  ambiguity  ever  arose 
from  them ;  but  with  the  extension  of  commerce  and  manufac- 
ture to  the  infinite  variety  of  substances  now  weighed  and 
measured,  and  the  growing  necessity  for  greater  exactness,  the 
original  convenience  was  lost ;  while  the  blunders  of  six  centu- 
ries of  parliaments  and  kings,  through  an  age  when  printing  and 
railroads  were  unknown,  and  elementary  education  the  excep- 
tion, have  almost  effaced  the  relations. 

There  are  many  in  these  days,  who,  unconscious  of  the  past, 
are  attempting  to  introduce  the  metric  system  in  English-speak- 
ing countries ;  it  is  the  custom  of  these  to  jeer  at  the  English 
weights  and  measures  as  a  mere  "  heap  of  rubbish,"  which  do 
not  and  never  did  possess  any  connection  with  each  other,  but 
were  picked  up  at  random,  no  one  knows  where.  "  That  a  legal 
bushel  in  the  United  States  must  contain  2,150.42  cubic  inches," 
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exclaims  one  of  them,  ''is  convincing  eyidence  that  the  foot  or 
the  yard  has  no  place  in  its  ancestry."  **  Unfortunately  for  this 
and  similar  statements,  the  exact  opposite  is  the  case.  Had 
their  authors  even  stopped  for  a  reasonable  time  to  thinks  it 
might  have  occurred  to  them  that,  even  to-day,  the  standard  gal- 
lon of  the  United  States  (231  cubic  inches)  is  nearly  the  eighth  part 
(216  cubic  inches)  of  the  cubic  foot,  and  filled  with  water  weighs 
nearly  eight  (8^)  pounds ;  that  the  standard  bushel  (2,150.42 
cubic  inches)  is  nearly  equal  to  ten  of  these  gallons,  or  1^  cubic 
feet  (2,160  cubic  inches) ;  that,  conversely,  the  imperial  gallon 
of  Gi:eat  Britain  (277.274  cubic  inches)  weighs  exactly  ten  pounds 
of  water,  and  is  the  exa/;t  eighth  part  of  the  imperial  bushel 
(2,218.19  cubic  inches) ;  that  the  ratio  of  the  pound  troy  to  the 
pound  avoirdupois  is  nearly  the  same  as  that  of  the  gallons  of 
the  two  countries ;  that  a  Qubic  foot  of  distilled  water  weighs 
nearly  64  pounds,  and  thirty-two  such  cubic  feet  almost  exactly 
one  ton  (1,997.6  pounds  at  maximum  density) ;  and  that  finally 
all  these  approximate  relationships  of  eight,  ten,  and  their  mul- 
tiples could  hardly  be  a  mere  accident. 

But  although  these  relationships  point  to  a  remarkably  well 
organized  system  which  must  have  existed  somewhere,  at  some 
time,  they  are  not  all  in  evidence  from  the  statute  of  1266.  In 
order  to  discover  the  remainder,  as  they  existed  in  England  at 
this  time,  we  must  have  recourse  to  other  statutes,  and  also  to 
calculation.^  Now  the  wine  mentioned  in  the  statute,  being  that 
commonly  used  in  England  at  that  time,  was  '^Gascoign,"  or 
Bordeaux,  wine  (i.e.,  claret),  whose  specific  gravity  is  0.9936,  or 
about  61.94  avoirdupois  pounds  to  the  cubic  foot.  And  the 
sterling  pound  of  12  ounces,  being  ^  lighter  than  the  troy 
pound,  contained  5,400  troy  grains;  whence  the  commercial 
pound  of  15  of  the  same  ounces  contained  6,750  troy  grains. 
The  cubic  foot  of  wine,  therefore,  which  weighed  61.94  avoirdu- 
pois pounds,  weighed  m%  x  61.94,  or  64.24  of  the  old  commer- 
cial pounds — a  number  as  near  to  64  as  the  accuracy  of  the  cal- 
culation allows  of.** 


**  T.  C.  Mendenhall,  in  Trans.  A.  8.  C.  E.,  Vol.  XXX.,  p.  120  (October, 
The  italics  are  mine. 

''  For  these  fig^rep,  and  for  many  of  the  facts  here  presented,  concerning  the 
old  Englisli  weights  and  measures,  as  well  as  their  ancient  prototypes,  I  am  in- 
debted to  the  labors  and  genius  of  John  Quincy  Adamp,  as  embodied  in  his  Report. 

••  The  difference  would  be  accounted  for  by  a  difference  in  the  length  of  the 
foot  of  T^^  of  an  inch. 


THE   METRIC  VERSUS  THE   DUODECIMAL  SYSTEM.  517 

The  gallon  of  wine,  therefore,  which  in  1266  weighed  eight 
commercial  and  ten  sterling  pounds,  was  the  exact  eighth  part 
of  a  cubic  foot,  and  was  contained  in  a  cubical  vessel  of  six 
inches  on  a  side,  as  the  pound  of  wine  was  in  one  of  three  inches 
on  a  side.  This  gallon  contained  exactly  216  cubic  inches ;  and 
the  corn-gallon  of  the  same  period  270  cubic  inches ;  and  the 
bushel,  which  was  eight  corn-gallons  by  measure,  and  eight 
wine-gallons  by  weight,  2,160  cubic  inches ;  and  the  quarter  of 
eight  bushels,  10  cubic  feet. 

In  order  to  prove  that  this  relationship  of  the  unit  of  length 
to  those  of  weight  and  capacity  was  an  intentional  one,  and  not 
a  mere  coincidence,  we  must  look  still  farther  back,  to  the 
Bomans,  from  whom,  in  the  time  of  the  empire,  the  English  had 
their  weights  and  measures.  Here,  again,  we  find  two  units  of 
weight,  the  libra  and  the  libraritcs^  related  to  each  other  as  3  to 
4,  and  of  twelve  and  sixteen  tmcice^  respectively ;  the  unit  of 
liquid  measure,  the  congiys^  corresponding  with  our  wine-gal- 
lon, was  defined  as  equal  to  10  Ubrw  (as  the  old  English  gallon 
was  to  10  sterling,  and  our  gallon  to  about  10  troy  pounds)  of 
water  or  wine  ;  the  unit  of  dry  measure,  the  modius^  correspond- 
ing with  our  peck,  was  equal  to  16  librarii  of  wheat.  Eight 
congii  were  an  amphora^  which  was  also  called  a  quadrantalj 
and  defined  as  80  librm  of  water  or  wine.  Now  quadrantal  is 
the  Latin  for  cube,  and  the  measure  cubed  to  make  the  amphora 
was  the  Boman  foot.  This  custom  undoubtedly  arose  from  the 
measure  of  shipping,  the  amphora  being  always  used  to  express 
the  burden  of  a  ship.^' 

"  The  same  combinations  are  traced  with  equal  certainty  to 
the  Greeks  and  Egyptians ;  and  if  the  shekel  of  Abraham  was 
the  same  as  that  of  his  descendants,  the  avoirdupois  ounce  may, 
like  the  cubit,  have  originated  before  the  flood." 

But  it  would  be  beside  our  present  purpose  to  follow  Mr. 
Adams  in  his  researches  in  ancient  metrologies ;  it  will  suffice 
to  quote  his  conclusions,  "  This  system  of  weights  and  meas- 
ures has  been,  by  many  of  the  modern  English  writers  on  the 
subject,  supposed  to  have  been  establiahed  by  the  statute  of  1266. 
But  upon  the  face  of  the  statute  itself  it  is  a  mere  exemplifica- 
tion of  ancient  ordinances.  The  coincidences  in  its  composition 
with  those  of  the  ancient  Bomans,  proved  by  the  letter  of  the 


*^  See  the  note  at  the  end  of  this  paper. 
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Silian  law,  and  by  the  still  existing  congiua  of  Yespasian ;  with 
those  of  the  Greeks,  as  described  by  Oalen,  and  as  shown  by 
the  proportions  between  their  scale  weight  and  their  metrical 
weight;  and  with  that  of  the  Hebrews,  as  described  in  the 
prophecy  of  Ezekiel;  show  that  its  origin  is  traceable  to 
Egypt  and  Babylon,  and  there  vanishes  in  the  darkness  of 
antiquity.  As  founded  upon  the  identity  of  nummulary  weights 
and  silver  coins,  and  upon  the  relative  proportion  between  the 
gravity  and  extension  of  the  first  articles  of  human  traffic,  com 
and  wine,  it  is  supposed  to  have  originated  in  the  nature  and 
relations  of  social  man,  and  of  things." 

This  system,  then,  whenever  and  however  it  originated,  has 
survived  the  critical  scrutiny  of  the  Egyptians,  the  most  ancient 
of  civilized  nations ;  of  the  Greeks,  the  most  philosophic ;  of 
the  Eomans,  the  most  logical ;  and  of  the  Anglo-Saxons,  the 
most  progressive.  Nay,  it  has  not  only  survived  but  has  sup- 
planted other  systems,  has  spread  all  over  Europe,  to  the  Scan- 
dinavians on  the  north  and  the  Slavs  on  the  east  It,  and  it 
alone/  has  shown  itself  fitted  in  its  essential  principles,  to  be 
extended  "  to  all  peoples  and  all  times."  The  French  system 
has  not  produced,  but  driven  out,  uniformity.  It  is  true  that 
every  provincial  town,  almost,  of  the  Continent  had  its  separate 
pound,  foot,  and  quart  or  peck  ;  but  the  fact  that  all  had  these 
measures,  of  values  not  very  different  from  each  other,  is  a 
sufficient  indication  of  what  a  proper  comprehension  of  the  sub- 
ject, aided  with  a  litfle  legislation,  might  have  done.  The  ele- 
ments of  uniformity  were  all  there,  and  needed  but  to  be  called 
to  order. 

But  to  return  to  our  historical  survey.  As  ships  increased  in 
size,  larger  measures  became  necessary,  and  hence  arose  the 
tun  or  ton,  unknown  to  the  Bomans,  but  like  the  amphora  origi- 
nally a  measure  of  cubical  capacity,  and  afterward  turned  into 
a  weight  The  tun  was  undoubtedly  formed  by  doubling  and 
redoubling  the  lesser  measures  ;  thus  the  hogshead  of  wine, 
correspondii^  with  the  quarter  of  wheat,  was  of  r>4  gallons ;  two 
hogsheads  were  a  pipe,  and  two  pipes  a  tun.  The  tun,  there- 
fore, was  originally  a  measure  of  256  gallons,  or  32  cubic  feet, 
and  was  the  volume  of  2,048  commercial  pounds  of  wine,^    This 

••The  fact  that  82  cubic  feet  of  tcaler  are  now  so  nearly  equal  to  our  ton  of 
2,000  pounds  avoirdupois  is  a  result  of  three  separate  chanii^  affecting  each  of 
the  quantities  italicized.     The  present  pound,   being  gS  heavier  than  the  old 
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must,  however,  have  been  early  changed  to  a  lesser  number,  for 
a  statute  of  1423  declares  that  '^  of  old  time  it  was  ordained  that 
.  .  .  a  tun  of  wine  [should  be]  252  gallons,"  no  doubt  to  ac- 
commodate it  more  exactly  to  the  then  size  of  the  casks,  which, 
then  as  now,  had  an  irrepressible  tendency  to  dwindle  in  size. 
This  was  the  change  which  first  brought  discord  into  the  sys- 
tem ;  for  as  the  tun  still  continued  to  be  reckoned  at  32  cubic 
feet,  it  made  the  wine-gallon  consist  of  219.43  cubic  inches ; 
taking  now  the  more  exact  ratio  of  the  weight  of  wheat  and  wine, 
143  to  175,  the  corn-gallon  weighed  against  it  would  be  268.53 
cubic  inches,  eight  of  which  are  2148.25  cubic  inches,  practi- 
cally the  Winchester  bushel. 

A  series  of  similar  legislative  mistakes  produced  the  Win- 
chester gallon,  along  with  the  other  multifarious  gallons,  bush- 
els, etc.,  which  till  within  a  few  decades  were  in  legal  use.  The 
confusion  was  largely  increased  by  the  introduction,  during  the 
fourteenth  century,  by  continental  traders  and  immigrant  mer- 
chants, of  the  troy  and  avoirdupois  pounds,  both  of  which  were 
hearvier  than  the  older  units,  and  which  superseded  and  were 
mistaken  for  the  latter.  Passing  over  this  period,  however,  and 
the  separate  mistakes  which  produced  each  value,  the  first  step 
of  importance  looking  toward  a  restoration  of  uniformity  was 
that  taken  by  the  Boyal  Society  in  1736,  when  a  movement  was 
instituted  to  reduce  the  various  measures  to  a  single  standard. 
The  movement  was  renewed  in  1742,  and  resulted,  after  a  delay 
of  some  years,  in  the  selection,  by  the  Weights  and  Measures 
Committee  of  the  House  of  Commons,  of  a  prominent  optician, 
named  Bird,  to  whom  was  entrusted  the  construction  of  a  stand- 
ard yard  which  should  most  nearly  represent  the  previous 
standards,  all  of  which  were  gathered  together  for  the  purpose 
from  all  parts  of  the  kingdom.  This  standard  yard,  an  excellent 
specimen  of  workmanship,  was  completed  in  1760.  A  standard 
troy  pound  had  also  been  completed  in  1758.  Neither  were, 
however,  ever  formally  adopted  by  law  as  the  legal  standards. 
From  these  standards  all  others  in  Great  Britain  and  this  coun- 
try have  been  derived. 

pound,  gave  wine  a  weight  of  61.9,  and  water  a  weight  of  62.4  pounds  per  cubic 
foot.  Had  this  been  62.5,  we  should  have  had  exactly  82  cubic  feet  in  2,000 
pounds.  But  that  62.5  pounds  should,  by  our  present  subdivision,  be  just  1,000 
ounces  is  altogether  a  numerical  accident,  and  formed  no  part  of  the  original 
design. 
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The  next  action  (bating  a  determination  of  the  density  of 
water  and  the  length  of  the  pendulum  by  Sir  Geo.  Shuckburgh 
in  1798)  was  not  taken  till  1814,  when  Sir  John  Wrottesley 
brought  the  decimal  system  of  weights,  measures  and  coinage 
to  the  notice  of  Parliament,  and  a  commission  was  appointed 
to  investigate  the  subject  with  a  view  to  establishing  a  national 
standard,  and  a  similar  commission  was  appointed  in  1819.  It 
was  at  this  time  that  the  Government,  foreseeing  the  necessity 
of  deciding  at  once,  if  at  all,  whether  any  and  what  radical 
changes  could  be  made  in  the  existing  system  for  the  benefit  of 
the  public,  undertook  thus  early  to  investigate  the  merits  of  a 
decimal  scale  of  division.  Their  first  report,  signed  by  all  the 
Commissioners,  including  Dr.  Thos.  Young,  Dr.  Wm.  H.  WoUas- 
ton  and  Capt.  Henry  Kater,^  was  in  1819,  and  the  conclusions 
set  forth  are  adverse  to  the  decimal  scale,  as  follows  : 

"  The  subdivisions  of  weights  and  measures  at  present  em- 
ployed in  this  country  appear  to  be  far  more  convenient  for 
practical  purposes  than  the  decimal  scale,  which  might  perhaps 
be  preferred  by  some  persons,  for  making  calculations  with 
quantities  already  determined.  But  the  power  of  expressing 
one-third,  one-fourth,  one-sixth  of  a  foot  in  inches  without  a 
fraction  is  a  peculiar  advantage  of  the  duodecimal  scale,"  etc. 

The  report  of  this  commission  was  accepted  and  followed  up 
by  decisive  action  by  the  Government.  In  1824  an  act  was 
passed  establishing  an  Imperial  System,  and  abolishing  all  pre- 
viously existing  standards.  A  new  standard  yard  was  prepared, 
copied  from  that  of  1760,  and  also  a  new  standard  troy  pound 
copied  from  that  of  1758.  It  was  by  this  act  that  the  imperial 
standard  gallon  was  defined  as  the  volume  of  ten  avoirdupois 
pounds  weight  of  water,  in  the  latitude  of  London,  at  62°  Fahr. 
and  30  inches  pressure  ;  and  the  bushel  to  be  equal  to  eight  gal- 
lons. Elaborat3  measurements  were  also  made  by  Young,  Wol- 
laston  and  Kater  on  the  length  of  the  seconds  pendulum  and 
the  density  of  water,  for  comparison  with  the  yard  and  pound; 
the  inch  was  declared  to  be  the  s^.-f^-^  part  of  the  length  of  the 
seconds  pendulum,  and  the  cubic  inch  of  distilled  water  at  62" 
Fahr.  and  30  inches  pressure  to  weigh  252.458  grains,  of  which 
5,760  made  the  troy,  and  7,000  the  avoirdupois  pound.     This 


**  The  other  three  commissioners  were  Jos.  Baoks,  George  Clerk  and  Davies 
Gilbert. 
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act  took  effect  on  January  l,  1826,  and  was  followed  by  another 
one  in  1835,  still  further  consolidating  the  Imperial  System. 

But  the  British  scientists  committed  the  same  error  as  the 
French  had  before  them ;  for  when  the  time  came  to  carry  out 
the  rules  so  carefully  and  laboriously  established,  it  was  found 
to  be  impracticable.  This  was  in  1834,  when  both  houses  of 
Parliament  were  destroyed  by  fire,  and  with  them  the  standards 
so  carefully  prepared  only  ten  years  before. 

Among  the  earliest  steps  taken  to  repair  the  loss  of  the  stand- 
ards was  the  appointment  in  1838,  by  the  Chancellor  of  the 
Exchequer,  Lord  Monteagle,  of  a  Preliminary  Commission  to 
consider  and  report  on  the  proper  mode  of  restoration.  This 
Commission  almost  rivalled  that  of  France  of  1790,  in  the  illus- 
trious names  numbered  on  its  roll ;  they  were  Airy,  Baily, 
Herschel,  Lubbock,  Peacock,  Sir  J.  S.  Lefevre,  Mr.  D.  Bethune 
and  Bev.  B.  Sheepshanks,  of  which  the  first-named  was  chair- 
man. 

They  made  a  full  and  careful  report  about  the  close  of  1841 ; 
in  which  they  declared  their  opinion  that  the  several  elements 
of  reduction  of  the  pendulum  experiments  of  1824  were  doubtful 
or  erroneous,  and  that  therefore  a  repetition  of  them  would  not 
necessarily  reproduce  the  standard  yard.  It  appeared  also  that 
the  determination  of  the  density  of  water,  on  which  rested  the 
standard  pound,  could  not  be  made  with  a  greater  accuracy 
than  jj\-(j  part;  whereas  an  accuracy  a  hundred  or  even  a 
thousand  times  as  great  was  nothing  uncommon  in  the  opera- 
tion of  weighing.  These  methods,  then,  were,  as  in  the  case  of 
the  French  standards,  formally  abandoned,  and  resort  had  to  a 
careful  comparison  with  the  still  existing  copies  of  the  old 
standards.  / 

This  Preliminary  Commission,  besides  these  recommenda- 
tions, also  gave  careful  consideration  to  the  entire  subject  of 
weights  and  measures,  and  particularly  to  the  decimal  system. 
They  recommended,  however,  that  no  change  should  be  made  in 
the  standards,  with  the  single  exception  that  the  avoirdupois 
pound  should  be  substituted  for  the  troy,  as  being  that  in  more 
general  use.  But  though  they  did  not  favorably  notice  the  in- 
troduction of  the  decimal  system  for  weights  and  measures, 
they  spoke  strongly  in  favor  of  an  early  adoption  by  the 
Government  of  a  decimal  coinage. 

Although  the  subject  of  decimal  coinage  had  been  noticed 


522'  THE   METRIC   VERSUS  THE   DUOCECIMAL  SYSTEM. 

first  in  Parliament  by  Lord  Wrottesley  in  1814,  and  again  in 
1824,  in  1832  by  Mr.  Babbage,  and  in  1834  by  General  Pasley, 
yet  as  this  document  first  called  public  attention  to  the  subject, 
it  may  be  called  the  opening  gun  of  a  campaign  which  raged 
hotly  in  England  for  the  eighteen  years  following ;  and  as  the 
subject  of  decimal  coinage  had  far  the  largest  share  of  the  deci- 
mal discussion,  it  will  not  be  without  interest  to  include  it  in 
our  general  survey.  It  is  first  necessary  to  remark,  however, 
that  in  course  of  time  the  decimal  coinage  question  became,  as 
it  properly  is,  almost  entirely  separated  from  the  decimal  ques- 
tion in  general. 

The  advisability  of  a  decimal  coinage  being  assented  to,  the 
next  thing  to  be  considered  was  the  particular  scheme  to  be 
adopted.  There  were  a  dozen  or  more  schemes  proposed,  each 
numbering  its  own  adherents  and  advantages,  the  chief  of  which 
usually  claimed  was  the  least  possible  change  from  the  existing 
system.  Thus,  first  of  all  there  was  the  "pound  and  rail 
scheme,"  which  retained  the  pound  as  the  unit,  and  reduced 
the  farthing  from  ^f^j  to  j^inf  ^^  ^  pound,  to  be  known  as  a 
miL  The  integrity  of  the  crown,  shilling,  and  sixpence  would 
thus  be  preserved,  while  the  smaller  coins  would  be  obliterated. 
Then  there  was  the  "  penny  scheme,"  which  decimalized  upward 
from  the  penny,  obliterating  all  other  coins.  The  "farthing 
scheme,"  the  "shilling  scheme,"  and  the  "ducat  (=105.)  scheme," 
were  similarly  named  from  the  coin  retained  as  a  base.  The 
"  florin  schem3  "  made  the  two-shilling  piece  the  base,  while  the 
"  dollar  scheme  "  proposed  either  to  make  the  four-shilling  piece 
the  base,  or  to  sweep  away  the  existing  system  in  toto,  and  to 
replace  it  by  that  of  the  United  States ;  and  so  on.  Each  scheme 
was  also  subdivided  into  subordinate  plans,  according  to  the 
taste  of  different  advocates. 

The  only  one  of  these,  however,  which  ever  obtained  a  formal 
recognition  by  a  governmental  commission  was  the  'pound  and 
mil  scheme ; "  which  was,  in  eflfect,  that  first  proposed  by  Lord 
Wrottesley  in  1824,  and  that  approved  by  the  commission  of 
1841.  Still,  nothing  was  actually  done  to  carry  out  their  recom- 
mendations. But,  in  1843,  a  new  commission  was  appointed, 
consisting  of  the  six  remaining  members  of  that  of  1838  (Sir  F. 
Baily  and  Mr.  Bethune  were  dead),  and  adding  four  others, 
including  the  Earl  of  Eosse  and  the  younger  Lord  Wrottesley. 
This  commission  recommended  and  partially  carried  out   the 
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decisions  of  their  predecessors,  and  in  1847,  on  motion  of  Dr. 
John  Bowring,  the  first  step  was  taken  by  the  coinage  of  a  new 
two-shilling  piece,  which  was  denominated  a  florin,  and  bore  on 
its  face  the  words  "  one  tenth  of  a  pound." 

But  this  step  was  really  of  no  importance  in  the  progress  of 
the  change.  It  was  the  second  step,  the  coinage  of  the  cent, 
which  would  disagree  with  all  existing  coins,  that  was  irre- 
vocable. It  was  postponed,  therefore,  until  1853,  when,  upon 
a  rumor  of  a  large  emission  of  new  copper  coinage,  a  majority 
of  the  last  commission  wrote  a  formal  letter  to  Mr.  Gladstone, 
then  Chancellor  of  the  Exchequer,  urging  that,  before  anything 
was  done  on  the  proposed  coinage,  the  decimal  system  should 
be  carefully  considered ;  in  response  to  which  Mr.  Gladstone, 
while  expressing  high  esteem  for  the  merits  of  the  proposed 
decimalization,  yet,  with  a  view  to  a  more  exhaustive  and 
thorough  investigation  than  had  yet  been  undertaken,  begged 
for  the  appointment  of  a  select  committee  on  the  subject. 

A  committee  of  sixteen  was  now  appointed,  composed  this 
time,  not  of  scientists,  but  chiefly  of  prominent  business  men, 
merchants  and  financiers,  and  with  power  to  send  for  persons, 
papers  and  records.  They  reported  in  four  months,  appending 
a  large  mass  of  evidence  from  twenty-five  witnesses,  several  of 
whom  were  men  of  great  eminence.  Every  one  of  these  wit- 
nesses agreed  as  to  the  advisability  of  a  change,  and,  what  was 
even  more  remarkable,  they  were  equally  unanimous  as  to  the 
particular  scheme  to  be  substituted.  The  verdict  of  the  report 
was,  then,  the  reaffirmation  of  the  pound  and  mil  scheme, 
already  thrice  recommended  to  Parliament ;  at  the  same  time, 
however,  advising  the  necessity  of  extreme  caution  in  a  matter 
of  such  great  moment. 

The  public  effect  of  this  document  was  electrical.  Friends, 
foes,  and  neutrals  were  aroused  to  interest.  "  Upon  no  topic 
of  public  interest  in  England,"  says  a  writer  of  the  period,^ 
"have  been  so  widely  opened  the  flood-gates  of  essayism  and 
dissertation ;  friendly  inventiveness  grew  fertile  in  succedanea, 
as  if  the  merit  of  the  system  depended  upon  a  capacity  for 
multiform  modification;  while,  on  the  other  hand,  hostile  criti- 
cism was  not  silent,  but  rung  the  changes  on  the  few  but  plau- 
sible motives  that  summoned  defenders  for  the  existing  order  of 
things.     In  fact,  it  appeared  as  if,  for  the  first  time,  those  con- 

*""  Banker's  Maqazine,  N.  Y.,  Vol.  XV.,  p.  139. 
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cemed  in  the  defence  considered  the  crisis  to  be  at  all  serious.'^ 
As  the  discussion  continued,  the  friends  of  the  change,  though 
at  variance  on  every  point  of  method,  consolidated  themselves 
into  the  Decimal  Association,  headed  by  Mr.  James  Yates, 
M.  L  C.  E. ;  Professor  A.  de  Morgan,  the  mathematician,  was 
also  a  prominent  leader  of  the  movement.     This  was  in  1854. 

Nothing  farther  was  done,  however,  till  1855,  when  a  member 
of  the  Committee  of  1853  presented  resolutions  in  the  House 
of  Commons ;  first,  on  the  eminent  success  of  the  florin,  and, 
secondly,  requesting  the  Government  for  the  completion  of  the 
decimal  scale ;  the  former  was  carried,  but  the  latter,  upon 
strong  resistance  by  the  Government  members,  was  finally  with- 
drawn upon  assurance  of  more  profound  and  wider  investiga- 
tions. A  Eoyal  Commission  was,  in  fact,  shortly  afterward 
appointed,  headed  by  Lord  Monteagle,  one  of  the  earliest  and 
warmest  friends  of  decimal  coinage ;  while  on  the  other  side 
was  Lord  Overstone  (senior  member  of  Jones,  Loyd  &  Co.), 
who  was  believed  to  be  an  opponent  of  the  change ;  and  in  the 
middle  ground  was  Mr.  J.  G.  Hubbard,  M.P.,  Governor  of  the 
Bank  of  England,  who  retained  his  impartiality  to  the  end. 
Undoubtedly  this  was  one  of  the  ablest  commissions  ever 
appointed  by  Great  Britain  for  any  subject ;  and  they  exam- 
ined the  subject  more  exhaustively  than  it  was  ever  examined 
before,  or  has  been  since.  At  the  end  of  two  years,  in  April, 
1857,  their  preliminary  report  was  handed  in,  containing, 
besides  the  evidence  of  seven  witnesses,  an  appendix  of  250 
pages,  of  which  150  contained  the  answers  to  circular  letters 
of  inquiry  sent  by  the  Commission  to  individuals  in  various 
foreign  countries. 

The  final  report  of  the  Commission  was  completed  just  two 
years  later,  April  5,  1869,  and  the  final  result  of  these  many 
years  of  diligent  and  laborious  research — most  characteristic 
of  the  British  nation — is  indeed  a  curiosity.  Though  the  advo- 
cates of  the  decimal  coinage  fought,  one  may  say,  with  the 
energy  of  despair,  and  with  that  fertility  of  invention  which  is 
bom  of  necessity,  it  became  evident,  long  before  the  conclusion 
was  reached,  on  which  side  it  would  fall ;  and  the  chairman. 
Lord  Monteagle,  resigned  from  the  Commission  before  the 
report  was  drawn  up.  Its  conclusions  were  twelve  in  number, 
the  most  important  of  which  are  as  follows  :  1.  Other  countries 
having  a  decimal  coinage  aflford  no  example  for  Great  Britain. 
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2.  The   inclination  to  it  in  Great   Britain  is  not  unanimous. 

3.  It  is  very  difficult  to  come  to  any  useful  conclusion  as  to  the 
merits  of  the  decimal  principle  in  the  abstract.  6.  Paper 
calculations  are  better  performed  by  decimals ;  but  as  to  how 
much  better,  there  may  be  a  difference  of  opinion.  7.  Mental 
calculations  are  easier  under  the  existing  system.  12.  While 
the  weights  and  measures  remain  as  at  present,  it  is  unadvisable 
to  make  any  partial  change  in  coinage  alone.*' 

These  twelve  conclusions,  with  a  page  of  introductory  matter, 
complete  the  whole  of  this  curious  document ;  but  it  is  followed 
by  forty  pages  of  a  draft  report  by  Lord  Overstone ;  forty  more 
in  smaller  type  prepared  by  one  of  the  witnesses ;  eight  pages 
of  a  memorandum  by  Mr.  Hubbard ;  eight  pages  (in  small  type) 
of  further  remarks  by  the  Secretary;  and  finally  a  second  ap- 
pendix containing  minutes  of  evidence  produced,  etc.,  etc. 

By  this  report  the  question  of  decimal  coinage  in  Great 
Britain  was  finally  and  permanently  shelved;  the  discussion, 
and  the  public  interest  in  the  subject,  died  away ;  and  no  action 
has  been  taken  by  the  Government  since.  The  interest  had 
been  intensified  by  the  appointment,  by  the  United  States  in 
1857,  of  a  Commissioner  to  confer  with  Great  Britain  with 
regard  to  the  assimilation  of  the  currency  of  the  two  countries  ; 
but  this  idea,  too,  was  finally  dropped  from  lack  of  interest. 
Nay,  the  delegates  of  Great  Britain  to  the  International  Mone- 
tary Conference  at  Paris  in  1867  refused  even  to  negotiate  in 
reference  to  unity  of  coinage,  affirming  that  "  until  it  should  be 
incontestably  demonstrated  that  the  adoption  of  a  new  system 
offered  superior  advantages  .  .  .  the  British  Government 
could  not  take  the  initiative  in  assimilating  its  money  with  that 
of  the  Continent." 

Let  us  now  return  to  the  restoration  of  the  lost  standards,  a 
task  which  had  been  assigned  to  the  Standards  Commission  of 
1843,  whose  report  as  regards  the  decimal  system  has  already 
been  discussed.  This  Commission  carried  out  the  methods 
recommended  by  the  Preliminary  Committee  of  1838,  and  for  a 
detailed  account  of  the  operations,  which  occupied  about  eleven 
years,  my  readers  are  referred  to  the  able  treatise  on  the  subject 
by  Mr.  H.  W.  Chisholm  *^  The  magnitude  of  the  operations  may 
be  estimated  from  the  fact  that,  in  the  case  of  the  standard  of 

**  **  The  ScieDce  of  Weighing  and  Measuring."    Macmillan,  1877. 
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length,  the  number  of  micrometer  readings  for  all  the  compari- 
sons exceeded  200,000 ;  and,  among  other  things,  it  was  found 
necessary  to  construct  an  entirely  new  system  of  thermometers. 
The  credit  of  this  portion  of  the  work  (construction  of  the  yard) 
is  largely  due  to  Mr.  Sheepshanks ;  and  it  should  not  be  forgot- 
ten that  the  scientific  gentlemen  who  devoted  so  much  of  their 
valuable  time,  attention  and  labor  to  so  important  an  object,^ 
declined  to  accept  any  pecuniary  remuneration.  The  two  pri- 
mary standards,  with  a  number  of  copies,  were  completed  in 
1855,  and  in  the  final  report  recommended  for  adoption.  And  it 
is  here  to  be  noted,  that  the  committee  particularly  recom- 
mended that  the  rules  established  in  1824  for  the  definition  of 
the  yard  as  a  portion  of  the  pendulum,  or  a  given  portion  of  a 
meridional  arc,  should  be  repealed,  and  that  the  standards  should 
in  no  way  be  defined  by  referervce  to  any  natural  basis  ;  experience 
having  proved  that,  in  the  present  state  of  science,  such  defini- 
tions were  wholly  visionary  and  impracticable.  The  new  stand- 
ards were  accepted,  and  all  the  recommendations  adopted,  in  the 
same  year ;  and  these  are  to-day  the  standards  of  the  English- 
speaking  world.  The  same  Act  of  1855  provided  also  for  new 
and  important  duties  of  the  Standards  Department 

In  1862  a  new  Select  Committee  was  appointed  by  Parliament 
to  consider  the  practicability  of  adopting  a  simple  and  uniform 
system  of  weights  and  measures.  This  committee  reported,  the 
same  year,  in  favor  of  the  metric  system  as  that  most  perfectly 
fulfilling  these  conditions,  of  any  then  in  use ;  and  they  accord- 
ingly recommended  its  adoption,  with  this  proviso,  "  that  no 
compulsory  measures  shall  be  resorted  to  until  they  are  sanc- 
tioned by  the  general  conviction  of  the  public."  The  metric 
system  was  formally  legalized  in  Great  Britain  by  an  act  of 
1864. 

In  1866  a  new  act  was  passed,  in  which  the  Standards  Com- 
mission was  reappointed  as  a  Boyal  Commission  (headed,  as 
before,  by  Sir  G.  B.  Airy,  and  including  eight  members)  to  con- 
sider and  report  on  the  condition  of  the  standards,  and  the  sub- 
ject of  weights  and  measures  in  general.  They  presented,  be- 
tween 1868  and  1871,  five  comprehensive  reports,  containing 
many  important  recommendations ;  of  which  the  second  report 
related  particularly  to  the  introduction  of  the  metric  system. 
They  recommended  the  substitution  of  the  metric  weight  for  troy 
weight  in  the  mint,  its  permissive  use  in  customs  and  other 
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places,  and  its  general  encouragement;  but  that  in  no  case 
should  compulsion  be  used  ;  believing  that  the  owners  of  facto- 
ries, and  others  who  might  desire  to  use  it,  could  arrange  such 
matters  without  legislative  assistance. 

These  recommendations  were  carried  out  by  the  important 
Weights  and  Measures  Consolidation  Act  of  1878.  This  act 
reaffirmed  the  existing  standards  ;  but  the  number  of  denomina- 
tions was  reduced,  the  troy  pound  finally  abolished,  and  all 
distinction  between  dry  and  liquid  measure  rejected;  at  the 
same  time  the  cental  of  100  pounds  was  sanctioned  for  grain 
dealings,  and  the  metric  weights  and  measures  again  made  per- 
missive, and  a  table  appended  defining  their  legal  equivalents  in 
imperial  denominations.  This  is  the  last  important  step  to  be 
recorded  on  the  subject  of  weights  and  measures  in  Great 
Britain;  although  there  yet  remains  the  Select  Committee 
appointed  by  the  House  of  Commons  on  February  13,  1895,  "  to 
inquire  whether  any  and  what  changes  in  the  present  system  of 
weights  and  measures  should  be  adopted."  This  Committee 
was  composed  of  seventeen  members  of  Parliament,  with  Sir 
Henry  Roscoe  as  their  chairman  ;  they  reported  on  July  1, 1895, 
recommending  that  the  metric  system  should  be  at  once  ren- 
dered legal  for  all  purposes  of  trade  and  manufacture  (a  proposi- 
tion which  had  already  been  fulfilled  by  two  separate  acts  of 
Parliament),  and,  further,  that  within  a  space  of  ttvo  years,  the 
metric  system  should  be  adopted  as  the  only  legal  system.  In 
regard  to  this  extraordinary  recommendation,  it  is  only  neces- 
sary to  observe  here,  that  it  is  in  utter  opposition  to  the  report 
of  any  previous  committee ;  and  that  the  remarkable  agreement 
of  the  testimony  of  all  the  numerous  witnesses  before  the  Com- 
mittee, with  a  single  exception,  seems,  as  in  the  case  of  the 
Committee  on  Coinage  of  1853,  to  point  to  something  like  a  fore- 
gone conclusion. 

The  most  casual  glance  at  the  history  of  weights  and  measures 
in  Great  Britain  can  hardly  fail  to  reveal  the  striking  contrast 
with  that  in  France — the  same,  indeed,  which  presents  itself  in 
their  political  history.  It  has  been  well  said  by  a  historical 
writer  that  while  reform,  —  the  gradual  improvement  of  the 
existing  order  of  things, — has  been  the  watchword  of  the  Eng- 
lish nation,  in  France  the  people  have  been  able  to  effect 
changes  only  by  revolution.  In  the  one  country,  we  see  a 
series  of  convulsive  and  intermittent  struggles  culminating  in 
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half  a  dozen  abrupt  changes  in  government,  ranging  from  one 
extreme  to  another,  in  the  course  of  a  century,  and  nearly  as 
many  diflferent  constitutions;  and  similarly,  with  regard  to 
weights  and  measures,  a  few  spasmodic  and  desperate  efforts 
toward  improvement,  followed  by  long  periods  of  inaction.  In 
England,  on  the  contrary,  the  long  deliberation  and  the  slow, 
often  cumbrous,  yet  constant  movements  of  the  governmental 
machinery  have  resulted  in  more  real  progress  in  the  science 
and  art  of  government  than  has  been  attained  by  any  nation  in 
Europe,  if  not  in  the  world.  While  other  nations,  anxious  to 
gain  perfection  at  a  stride,  have  hurried  from  one  expedient  to 
another,  the  steady  plodding  of  the  Anglo-Saxon  race  has  placed 
them  far  in  the  lead  among  commercial  nations ;  and  rendered 
it  self-evident  that,  so  far  as  langtioge  is  concerned,  notwithstand- 
ing any  theoretical  advantages  which  others  may  claim,  and  the 
scorn  which  may  be  offered  to  its  uncouth  spelling  and  illogical 
pronunciation,  if  any  one  language  is  ever  destined  to  supplant 
all  others,  the  English  must  be  the  one.  And  if  the  same 
supremacy  which  has  followed  the  English  language  and  other 
institutions  does  not  follow  also  their  system  of  weighing  and 
measuring,  it  is  at  least  much  too  early  to  predict  it  of  any 
other. 

At  the  same  time  we  obtain,  from  the  preceding  paragraphs,  an 
insight  into  the  probability  that  Great  Britain  should  ever 
make,  ,by  forcible  measures,  so  radical  a  change  as  is  implied  in 
the  adoption  of  the  metric  or  a  similar  system  tp  the  exclusion 
of  her  own.  We  see  on  two  separate  occasions  (1824  and  1878), 
when  such  a  change  had  been  importunately  brought  to  her 
notice,  that  after  many  years  of  impartial  and  exhaustive  inves- 
tigation, she  has  emphatically  chosen  the  alternative.  We  see 
that  commission  after  commission  of  the  ablest  men  in  the 
kingdom  appointed  for  the  purpose  have,  with  a  single  excep- 
tion, offered  grave  doubts  as  to  its  practicability  or  advisability  ; 
and  none,  except  the  last  (whose  deliberations  lasted  but  four 
months),  have  even  favorably  mentioned  compulsory  measures. 
We  see  that,  even  in  respect  of  decimal  coinage, — where  the 
advantages  of  decimalization  are  universally  acknowledged  to 
be  more  decisive  than  elsewhere, — after  a  life-and-death  strug- 
gle of  eighteen  years  between  the  two  systems,  the  decimal 
system  has  been  almost  hopelessly  defeated.  The  conclu- 
sion of  which  observations  evidently  is,  that  any  hope  of  such 
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action  in  regard  to  the  metric  system  as  has  been  raised  by  its 
enthusiastic  advocates,  is  perfectly  visionary ;  and  those  who,  in 
the  face  of  all  this,  still  indulge  it,  signally  fail  to  read  the 
meaning  of  history,  and  to  understand  the  springs  of  human 
action.  For  the  action  of  any  nation  as  a  whole  is  a  product  of 
the  opinions  and  preferences,  of  the  mental  and  physical  con- 
stitution of  the  individuals  who  compose  it ;  and  it  would  be  as 
easy  to  alter  character,  as  that  the  current  of  history  should  be 
so  completely  turned  back,  as  is  implied  by  such  suggestions. 

United  States. 

The  history  of  weights  and  measures  in  this  country  is  short 
and  simple.  The  Americans,  first  to  appreciate  and  to  adopt 
the  decimal  system  for  coinage,  have  always,  when  the  subject 
of  weights  and  measures  has  been  brought  to  their  attention, 
felt  so  overwhelmed  by  its  magnitude  and  difficulties,  that  they 
have  never  felt  able  to  take  any  important  positive  action.  It  is 
considerably  to  oiir  reproach  as  a  nation  that,  instead  of,  like 
England,  courageously  meeting  a  problem  of  increasing  impor- 
tance that  would  not  down,  we  have  always  shirked  and  post- 
poned it.  But  on  the  other  hand,  it  is  much  to  our  credit  that 
the  laxity  of  the  Gtovemment  has  been  largely  compensated  by 
the  energy  of  private  enterprise. 

The  problem  of  the  coinage  has,  in  the  United  States  as  in 
England,  been  considered  as  a  subject  by  itself ;  more  especially 
so,  as  it  was  one  of  the  first  on  which  the  confederate  Congress 
was  called  upon  to  decide.  The  United  States  were  then  with- 
out national  currency,  and  started,  practically,  with  a  clean 
slate.  The  system  which  we  use  to-day  was  therefore  adopted, 
by  one  of  the  first  national  laws,  July  6,  1785;  and  this  cur- 
rency was  first  coined  in  1792. 

But  the  system  of  weights  and  measures  was  in  a  far  different 
position  from  the  coinage  ;  for  while  the  nation  could  not  control 
the  different  units  of  the  former  by  exclusive  issue,  as  in  the 
case  of  the  coinage,  the  problem  involved  was  far  more  intricate. 
Nevertheless  it  was  a  subject  of  some  concern  to  Washington ; 
who,  though  he  did  not  recommend  any  particular  system,  repeat- 
edly urged  upon  Congress  the  necessity  of  uniformity.  It  was 
noticed  in  his  earliest  message  to  Congress,  and  again  in  his 
first  annual  message  of  1790.  In  accordance  with  these  recom- 
84 
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mendations,  the  first  Congress,  in  January,  1790,  requested  the 
Secretary  of  State,  Mr.  Jefferson,  to  prepare  plans  for  establish- 
ing the  desired  uniformity.  The  report,  July  15,  1790,  offered 
two  alternatives ;  one  of  which  was  the  consolidation  of  the 
existing  system  by  reducing  the  various  bases  of  length,  weight 
and  capacity  to  easy  and  convenient  ratios  and  abolishing  par- 
allel systems,  such  as  liquid  and  dry  measure,  troy  and  avoirdu- 
pois weight,  etc. ;  the  other  proposed  an  entirely  new  system,  in 
which  every  branch  was  reduced  to  the  decimal  ratio.  Both 
systems  were  based  upon  a  standard  of  length  equal  to  that  of 
a  uniform  cylindrical  rod  of  iron  vibrating  seconds,  t.e.,  a  little 
less  than  five  feet. 

About  this  time,  however,  news  came  of  the  action  of  France, 
and  a  committee  was  appointed  by  the  Senate  to  take  it  into 
consideration.  This  committee  reported  in  March,  1791,  and 
the  result  of  their  deliberations  was  that,  in  view  of  the  univer- 
sal system  already  proposed  to  be  established  in  France,  it 
would  be  unwise  at  that  time  to  make  any  alterations  in  the 
existing  system.  But  in  the  fall  of  the  same  year,  the  Senate 
again  appointed  a  committee  to  proceed  in  the  investigation  of 
Mr.  Jefferson's  plans;  and  the  Committee  this  time  reported  in 
favor  of  the  second  or  decimal  system.  The  report,  however, 
was  "  laid  on  the  table,"  and  never  disposed  of. 

The  same  thing  was  repeated  in  1796,  this  time  in  the  House, 
a  committee  of  which  reported  on  April  12,  recommending  a 
plan  in  general  conformity  with  the  first  of  Mr.  Jefferson's ;  and 
to  this  end  a  bill  was  introduced  providing  for  experiments  on 
the  length  of  the  pendulum  rod  ;  but  on  the  third  reading  in  the 
Senate  it  was  postponed  till  the  next  session,  and  so  lost. 

During  the  next  twenty  years  several  committees  of  Congress 
were  appointed,  but  without  result.  It  was  not  till  1817,  when, 
the  subject  being  again  urged  upon  Congress  by  President  Madi- 
son, the  Senate  referred  it  to  the  Secretary  of  State  (afterwards 
President),  John  Quincy  Adams,  to  prepare  and  report  to  them 
"  a  statement  relative  to  the  regulations  and  standards  for 
weights  and  measures  in  the  several  States,  and  relative  to  pro- 
ceedings in  foreign  countries  for  establishing  uniformity  in 
weights  and  measures,  together  with  such  propositions  relative 
thereto  as  may  be  proper  to  be  adopted,  in  the  United  States." 

Two  years  later,  a  House  committee  appointed  for  the  pur- 
pose, on  January  25,  1819,  presented  a  report,  in  which  they 
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again  recommended  Mr.  Jefferson's  first  plan,  together  with 
important  new  recommendations  regarding  the  establishing,  pres- 
ervation, and  distribution  of  standards ;  and  offering  resolu- 
tions for  the  establishment  of  a  commission  for  the  purpose. 
Again,  however,  no  action  was  taken  on  the  subject ;  but  in  the 
following  session,  on  December  14,  1819,  the  House  passed  a 
similar  resolution  to  that  of  the  Senate  in  1817,  the  report  of 
Mr.  Adams  having  not  yet  appeared. 

The  celebrated  document  which  resulted  from  these  resolu- 
tions, and  so  often  quoted  in  this  paper,  did  not,  in  fact,  appear 
until  February  22,  1821 ;  but  the  delay  was  amply  justified  by 
its  exhaustive  and  masterly  character.**  "He  examined  the 
whole  subject,"  says  Professor  Charles  Davies,  "  with  the  minute- 
ness and  accuracy  of  mathematical  science, — with  the  keen  sagac- 
ity of  statesmanship,  and  the  profound  wisdom  of  philosophy. 
To  that  report  nothing  can  be  added,  and  from  it  nothing  can  be 
taken  away."  It  is  perhaps  the  most  impartial  document  ever 
published  on  the  subject ;  so  much  so,  indeed,  that  it  is  difficult 
to  arrive  at  his  exact  conclusions  as  to  the  merits  of  the  differ- 
ent courses  open  to  the  national  legislature.  He  rather  pointed 
out  a  way  to  reach  a  decision,  leaving  the  latter  to  others. 
Nevertheless,  the  effect  of  this  report  was  a  clear  and  solemn 
warning  against  any  ill-considered  legislative  tampering ;  and  as 
to  the  metric  system,  though  he  has  words  of  high  praise  for  its 
theoretic  beauty,  such  as  the  grandeur  of  the  conception,  and 
the  blessings  of  a  future  international  uniformity,  yet  it  is  clear 
that,  hampered  as  it  was  by  great  and  fundamental  defects,  and 
so  radical  a  change  presenting  to  his  mind  almost  insuperable 
obstacles,  he  believed,  whatever  else  might  be  done,  that  (to  use 
his  own  words,  p.  120)  ^^were  the  axcthority  of  Congress  unqu^S" 
tionahle  to  set  aside  the  whole  existing  system  of  metrology^  and 
introduce  a  new  one^  it  is  helieved  that  th^  French  system  has  not 
yet  attained  that  perfection  which  woxdd  justify  so  extraordinary 
an  effo'rt  of  Ugislative  power  at  this  ti?ne.'^  The  perfection  to 
which  he  referred,  and  of  which  he  had  hopes,  would,  as  is 
tolerably  evident,  have  included  first  of  all  a  relaxation  of  the 
decimal  divisions — the  idea  which  Napoleon  had,  perhaps, 
intended  to  carry  out,  and  which  had  already  been  temporarily 

**  The  report  contains  185  octavo  pages  of  text,  and  nearly  an  equal  number 
of  a  statistical  appendix. 
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established  by  the  Systeme  Usuel  of  1812.  Bat  these  hopes  hare 
never  been  realized. 

The  effect  of  this  report  on  Congress  was  more  profound  even 
than  Mr.  Adams  would  have  wished.  It  opened  to  their  eyes 
the  whole  subject  in  all  its  enormous  importance  and  endless 
ramifications ;  and  the  result  was — absolutely  nothing.  More 
than  forty-five  years  passed  before  the  next  step  was  taken. 

Nevertheless,  the  indisposition  of  Congress  has  not  acted 
unfavorably  on  the  commerce  of  the  country ;  for  while  every 
one  was  left  free  to  use  his  own  unit  of  length,  weight  or 
capacity,  the  growing  industries  of  the  United  States  have  done 
for  themselves  better,  probably,  than  the  wisest  of  governments 
could  have  done  for  them  :  they  have  seen  the  necessity  of 
uniformity  and  have  established  scales  and  standards  which 
find  their  way  to  all  parts  of  the  world.  At  the  same  time  the 
lack  of  positive  action  by  Congress  has  been  more  than  atoned 
for  by  the  fact  that  we  have  tacitly  followed  the  course  of  Great 
Britain,  and  so  to-day  preserve  that  international  uniformity, 
which  is  of  itself  an  incalculable  blessing. 

Two  acts,  however,  were  passed  during  this  period  which 
might  be  called  suggestions  of  an  effort  "  to  fix  the  standard  of 
weights  and  measures,"  though  non-committal  in  character  and 
designed  for  special  uses.  The  first  was  the  establishment,  in 
1828,  of  a  definite  unit  of  weight  (the  troy  pound)  for  use  at 
the  mint, — a  condition  which  had  become  urgently  necessary 
to  a  stable  and  uniform  currency.  The  second  was  in  1836, 
and  provided  that  a  full  set  of  copies  of  all  the  standards  of 
weight  and  measure,  which  had  been  provided  by  the  Treasury 
Department  for  use  in  the  Customs  Service,  should  be  delivered 
to  the  governor  of  each  State.     This  was  accordingly  done. 

In  1863,  by  the  request  of  the  Secretary  of  the  Treasury,  the 
National  Academy  of  Sciences  appointed  a  committee  to  con- 
sider and  report  on  the  metric  system.  They  reported  in  Jan- 
uary, 1866  i^not  quite  unanimously),  "in  favor  of  adopting, 
ultimately,  a  decimal  system ;  and,  in  their  opinion,  the  metri- 
cal system  of  weights  and  measures,  though  not  without  defects, 
is,  all  things  considered,  the  best  in  use."  They  recommended 
to  Congress  the  permissive  adoption  of  the  metric  system  ;  and 
among  other  things  the  introduction  of  the  system  into  the 
post-office  by  making  the  single  letter  rate  15  grammes  instead 
of  ioz.  (=1417g.). 
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The  former  of  these  recommendations  was  carried  out  shortly 
afterward,  by  an  Act  of  Congress  of  July  28,  1866,  which 
ordained  that  the  metric  system  might  be  legally  used  in  private 
or  public ;  at  the  same  time  appending  a  table  of  equivalents ; 
along  with  a  resolution  instructing  the  Secretary  of  the  Treas- 
ury to  furnish  each  State  with  a  set  of  standards.  It  is  the 
custom  of  the  metricists  *^  to  make  a  great  deal  of  this  law, 
which  was,  in  fact,  a  mere  declaration  of  the  existence  of  that 
which  already  existed ;  their  implication  appearing  to  be,  that 
since  Congress  has  granted  permission  to  use  the  metric  system, 
it  may  therefore  tab",  away  the  permission  to  use  the  existing 
system.**  They  also  say  that  by  this  law  the  length  of  the  yard 
was  determined  in  terms  of  the  metre  (although,  in  fact,  it  was 
the  reverse) ;  yet  for  all  that,  it  is  to  be  observed  that  the  yard  is 
no  nearer  to  the  ||S^  of  the  metre  to-day  than  it  had  been  in 
1865,  but  remains  identical  with  that  of  Great  Britain  ;  as  also 
in  the  case  of  the  pound.  And  it  is  a  remarkable  fact,  that 
although  the  fifteen-gramme  rate  was  enjoined  upon  the  post- 
office  a  few  years  later,  no  notice  whatever  was  taken  of  it  by 
that  department,  so  far  as  concerns  domestic  postage ;  and  our 
scales,  official  and  private,  remain  to  this  day  graduated  in 
ounces,  not  in  grammes. 

But  although  the  law  of  1866  established  no  new  principles, 
it  sufficed  to  draw  public  attention  to  the  system ;  the  first 
result  of  which  was  the  inclusion,  in  practically  all  our  arith- 
metics, from  the  time  of  the  passage  of  the  act,  of  the  metric 
system  with  exercises.  It  has,  then,  been  taught  in  our  schools 
for  the  past  thirty  years. 

At  the  meeting  of  the  University  Convocation  of  the  State  of 
New  York,  at  Albany,  in  the  summer  of  the  same  year  (1860), 
the  Hon.  John  A.  Kasson,  chairman  of  the  House  Committee 
on  Coinage.  Weights  and  Measures,  called  the  attention  of  the 
members  to  the  action  of  Congress,  requesting  such  attention  to 
the  subject  as  might  seem  best.  Accordingly,  a  committee  was 
appointed,  consisting  of  the  Chancellor,  J.  V.  L.  Pruyn,  Prof. 
Charles  Davies,  and  Eegent  Eobert  S.  Hale,  to  consider  and 


**  Inveniam  verbum  aut  faciam,  I  begr  that,  for  brevity's  sake,  I  may  be  al- 
lowed the  use  of  this  word,  wbich  is  of  my  own  coinage.    Its  meaDing  is  obvious. 

"  A  fair  sample  of  metric  impudence  Is  the  following  {Eng,  News,  Feb.  5, 1876, 
p.  44):  **It  only  remains  for  the  law  [of  1866]  to  be  enforced  to  bring  that 
[metric]  system  into  use  in  the  daily  transactions  of  busiuess." 


634  THE   METRIC  VERSUS  THE  DUODECIMAL  SYSTEM. 

report  "  what  measures,  if  any,  the  Conyocation  should  adopt 
in  regard  to  a  uniform  system  of  weights  and  measures."  '*  It 
seemed  to  be  the  unanimous  opinion  of  the  Committee,"  says 
Professor  Davies,  "  that  a  report  would  be  made  favorable  to 
the  introduction  of  the  [metric]  system  into  general  use.  On 
examination,  however,  it  did  not  appear  to  the  Committee  .  .  . 
that  the  convocation  should  commit  itself  hastily."  But  three 
years  afterward,  in  1869,  the  Committee  made  a  partial  report, 
and  "  explained,  very  fully,  the  changes  which  an  examination 
of  the  subject  had  produced,"  whereupon  the  Committee  was 
discharged,  and  a  new  committee  appointed,  composed  of  Pro- 
fessor Davies,  Mr.  Hale,  and  Prof.  J.  B.  Thomson.**  This  com- 
mittee made  a  very  full  report,  in  which,  after  discussing  the 
various  reasons,  they  declared  their  belief  that  the  adoption  of 
the  metric  system,  without  modifications,  would  be  most  unwise. 
They  also  recommended  that,  in  order  the  better  to  acquaint 
the  public  with  the  merits  of  the  case,  their  report,  together 
with  that  of  John  Quincy  Adams  and  a  lecture  of  Sir  John 
Herschel  of  a  few  years  before  (1863),  should  be  reprinted  and 
published  in  book  form.  Their  recommendations  were  formally 
adopted  by  a  vote  of  the  Convocation,  and  the  book  published 
by  Professor  Davies. 

In  1876,  the  Franklin  Institute  received  from  the  Boston 
Society  of  Civil  Engineers  a  circular  letter  requesting  their 
cooperation  in  the  presentation  of  a  petition  to  Congress,  for  the 
purpose  of  procuring  more  positive  legislation  on  the  metric 
system.  This  letter  was  referred  to  a  committee  appointed  for 
the  purpose,  consisting  of  Messrs.  W.  P.  Tatham,  chairman, 
Coleman  Sellers  and  Eobert  Briggs.  The  report,  handed  in  in 
May  of  the  same  year  (signed  by  the  first  two  members  of  the 
committee),  after  briefly  reviewing  the  historical  side  of  the 
question,  puts  forth  the  reasons  why  the  metric  system  should 
not  be  adopted,  whose  forcible  introduction  it  deprecates  in  the 
strongest  manner.  It  is  one  of  the  most  pronounced  documents 
of  the  kind  which  has  yet  appeared.  Mr.  Briggs  also  handed  in 
a  minority  report  on  the  other  side  of  the  question.  The  former 
was  adopted  by  a  vote  of  the  Board  of  Managers,  and  is  printed 
in  their  Journal  of  June,  1876,  p.  278.  It  was  also  reprinted  by 
several  technical  journals  here  and  abroad. 

"  Prof.  Thomson  favored  ihe  metric  system,  and  did  not  act  with  the  Com* 
mittee. 
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In  1877,  in  response  to  a  petition  of  the  Boston  Society  of 
Civil  Engineers,  an  important  step  was  taken  by  Congress. 
This  was  to  find  out  the  merits  of  the  proposed  change  from  those 
for  whose  benefit  it  toas  to  he  made;  and  though  only  a  beginning, 
it  was  in  the  right  direction,  and,  as  it  happened,  all  that  was 
necessary  in  this  case.  A  resolution  was  passed,  November  6, 
requesting  the  heads  of  the  executive  departments  "  to  report 
what  objections,  if  any,  there  are  to  making  obligatory  in  all 
governmental  transactions  the  metrical  system  ;  "  and  also  ''  to 
state  what  objections  there  are,  if  any,  to  making  the  metrical 
system  obligatory  in  all  transactions  between  individuals  ;  and 
what  is  the  earliest  date  that  can  be  set,"  etc.  This  resolution 
brought  forth  23  replies,  of  which  6  expressed  opinions  favorable 
to  the  introduction  of  the  metric  system,  10  views  opposed  to 
it  (many  of  them  strongly  so),  and  7  doubtful  or  indifferent 
Of  those  favoring  it  only  one  advocated  compulsory  legislation, 
while  several  of  the  others  offered  objections.  The  period  sug- 
gested as  necessary  for  an  obligatory  change  was  variously  given 
at  5,  20,  35  and  50  years.^ 

The  Secretary  of  State  (Wm.  M.  Evarts)  ventured  to  remark 
that  "  even  in  those  countries,  like  France,  where  the  system 
has  been  obligatory  beyond  the  memory  of  the  present  genera- 
tion, the  tradition  of  the  old  system  clings  among  the  people 
and  defies  complete  eradication ;  and  that  in  other  countries, 
like  Spain  .  .  .  the  innovation  is  practically  disregarded 
by  the  people,  and  but  partially  conformed  to  by  the  govern- 
ment, which  is  compelled  to  recognize  the  validity  of  the  old 
standards." 

The  Secretary  of  the  Navy  said  that  the  change  in  that  de- 
partment "  would  probably  involve  a  total  loss  of  all  charts  and 
chart-plates  now  in  use,"  and  moreover  "  prevent  that  free  use 
and  interchange  of  charts  which  seems  essential  to  navigators." 

The  objection  of  the  Postmaster-General  was  "  founded  on  an 
apprehension  that  mistakes  and  annoyances,  and  possibly  losses, 
would  occur  in  the  practical  application  ; "  at  the  same  time 
necessitating  an  entirely  new  set  of  scales  for  the  whole  country. 


^  Inasmucli  as  au  acrx)ont  of  tlxis  symposium  has  been  published  in  a  circular 
of  the  American  Metrological  Society, — ^ia  which  it  is  made  to  appear  that  all 
replies,  except  two,  were  favorable  to  the  proposed  legislation  ( !)— it  has  been 
deemed  proper  to  add  brief  extracts  from  some  of  them.  They  are  given  in  full 
in  Report  No.  14,  II.  of  R.,  46th  Cong.,  1st  session  (1879). 
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In  the  War  Department,  the  Inspector-Gteneral  gave  it  as  his 
judgment  that  "  the  compulsory  change  from  the  present  system 
would  be  inexpedient,  as  involving  a  large  outlay  of  money 
without  adequate  comparative  results." 

The  Quartermaster-General  said  that  it  would  very  consider- 
ably increase  the  labors  of  computation,  which  would  be  a  per- 
fectly useless  labor ;  would  infallibly  be  the  source  of  many  mis- 
takes ;  and  would  necessitate  throwing  away  all  the  scales  and 
weights  now  divided  according  to  the  American  standards,  and 
substituting  new  ones.  With  regard  to  the  obligatory  provision 
he  said,  "  I  do  not  believe  that  this  is  within  the  power  of  Con- 
gress. It  will  be  looked  upon  by  the  people  as  an  arbitrary 
and  unjust  interference  with  their  private  business  and  indi- 
vidual rights,  and  I  do  not  think  that  they  will  submit  to  it.  It 
will  inflict,  if  it  can  be  enforced,  a  great  loss  upon  many,  es- 
pecially upon  manufacturers  and  mechanics  whose  shops  are 
filled  with  costly  tools,  standard  gauges,  dies  and  machines,  all 
constructed  upon  the  basis  of  the  foot  and  inch.  ...  To 
alter  all  this  machinery,  to  change  all  these  machines,  gauges, 
dies,  screws,  and  other  parts  of  engines,  will  be  the  work  of 
yeArs ;  it  will  cost  millions  of  dollars.  .  .  .  The  fact  is, 
that  the  metre  is  quite  as  arbitrary  and  unscientific  a  standard 
as  the  foot  and  yard.  It  is  of  less  convenient  length  than  either 
of  them,  and  its  compulsory  adoption  would  derange  the  titles 
and  records  of  every  farm  and  of  every  city  and  village  lot  in  the 
United  States ;  would  put  every  merchant,  farmer,  manufacturer 
and  mechanic  to  an  unnecessary  expense  and  trouble  ;  and  all,  it 
seems  to  me,  for  the  sake  of  indulging  a  fancy  only,  and  a  base- 
less fancy,  of  closet  philosophers  and  mathematicians  for  a  sci- 
entific basis  of  measures  and  weights  which  cannot  be  found  in 
the  French  metric  system.*'  Then,  after  giving  a  list  of  equiva- 
lents, he  says,  "What  will  our  farmers,  citizens,  merchants, 
tradesmen,  mechanics,  do  with  these  figures  ?  And  will  they 
submit  to  being  obliged  to  reduce  acres,  feet,  inches,  pounds 
and  ounces  by  multiplying  or  dividing  by  the  above  figures  ? 
.  .  .  The  ciphers  and  figures  0.00000073  convey  no  idea 
to  a  mind  trained  in  the  English  and  American  system,  and  yet 
such  combinations  are  common  in  French  works  of  science  and 
mechanics." 

The  Surgeon-General  urged  strong  objections  against  the 
adoption  of  the  metric  system  by  the  Government  only ;  while 
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as  to  its  general  compulsory  adoption  he  said :  "  If  its  advan- 
tages are  so  far  counterbalanced  by  its  disadvantages,  that  its 
Tise  having  been  legalized,  the  people  will  not  employ  it  of  their 
own  accord,  its  enforced  introduction  would  be  a  great  public 
wrong. 

The  Commissary-Gteneral  declared  that  "  even  with  the  most 
thorough  preparation,  the  change,  when  made,  will  bring  with  it 
almost  inextricable  confusion  and  well-nigh  intolerable  incon- 
venience." 

The  Paymaster-General,  while  fully  favoring  the  eventual 
adoption  of  the  metric  system,  uttered  grave  warnings  against 
any  untimely  legislation. 

The  Chief  of  Engineers  remarked :  "  It  is  to  be  borne  in  mind 
that  there  is  nothing  in  the  proposed  change  which  will  in  any 
way  favorably  affect  the  usual  course  of  private  business  in  this 
country,  and  that  the  demand  for  a  change  does  not  come  from 
business  men,  but  is  made  in  furtherance  of  a  project  designed 
for  the  general  public  good  in  international  intercourse." 

The  Secretary  of  the  Treasury  (John  Sherman)  was  "  of  the 
opinion  that  it  is  not  advisable  to  make  the  metrical  system  of 
weights  and  measures  obligatory  in  any  transactions  at  present. 
.  .  .  I  think  great  confusion,  many  inconveniences  and  much 
litigation  would  arise  from  its  hasty  adoption.  Congress  might 
properly,  in  any  revision  of  the  tariff,  adopt  this  system ;  .  .  . 
but  even  this  change  would  create  some  embarrassment,  and  is 
of  doubtful  utility." 

The  Superintendent  of  the  Coast  Survey  reported :  "  It  is 
certain  that-  very  few  adults  now  living  would  ever  become 
familiar  with  the  merits  of  the  metric  system,  but  would  retain 
the  habit  of  reverting  to  the  foot,  tiie  pound,  and  our  other  units, 
mentally,  at  least,  even  after  the  law  had  disfranchised  the 
present  units.  The  problem  of  a  change  of  the  kind  proposed  i 
in  a  great  commercial,  agricultural,  and  manufacturing  country 
like  our  own  is  vastly  more  difficult  than  it  would  be  in  nations 
the  larger  portion  of  the  inhabitants  of  which  deal  only  in  a 
limited  manner  with  small  quantities.  The  subject  has  been  a 
matter  of  much  thought  to  myself  for  several  years,  and  the 
more  I  have  heard  it  discussed  the  more  convinced  I  have 
become  that  a  matter  so  grafted  into  the  daily  habit  and  thought 
of  the  whole  people  can  only  be  changed  by,  as  it  were,  the 
slowest  absorption,  and  that  not  less  than  thirty-five  years  will 
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be  required  to  effect  eyen  a  semblance  of  a  change,  after  the 
date  of  the  law  fixing  a  time  when  the  new  system  shall  be 
compulsory." 

The  Inspector  of  the  Weights  and  Measures  (J.  E.  Hilgard) 
replied,  as  regards  the  Coast  Survey  Department,  that  "  the  ex- 
elusive  use  of  metric  units  would  deprive  the  charts  of  much  of 
their  usefulness ;  .  .  .  the  result  would  be  that  every  one 
would  use  the  British  reproduction  of  the  same."  As  regards 
customs,  ^'  to  require  invoices  in  the  customary  units  to  be  trans- 
formed into  metric  units,  as  would  be  implied  by  the  *  obligatory  * 
use  of  the  latter,  appears  to  serve  no  usefal  purpose  except  that 
of  propagating  the  metric  system  to  the  great  inconvenience  of 
everybody  concerned.  .  .  .  Until  all  natipns  use  the  same 
language  and  the  same  money,  but  little  is  gained  in  the  way  of 
unification  of  values  by  making  the  units  of  weight  and  dimension 
alike."  After  giving  some  trenchant  examples,  he  proceeds: 
"  It  is  indeed  difficult  te  see  how  an  obligatory  statute  could  be 
executed  in  this  country.  We  would  hardly  undertake  to  sup- 
press the  use  of  the  inch,  pound,  and  gallon  by  penalties,  as  has 
been  done  under  the  parentally  despotic  governments  of  Europe, 
where,  as  in  Prussia,  fine  and  imprisonment  followed  the  posses- 
sion of  the  old  standarda  It  may  even  be  considered  doubtful 
whether  the  legal  mind  of  the  country  would  approve  a  statute 
decreeing  that  only  contracts  made  in  terms  of  the  new  standards 
could  be  enforced  by  the  courts,  since  it  wovld  violate  the  principle 
thai  any  agreement  made  in  good  faith  can  Ite  maintained  at  law,  a 
principle  far  more  important  than  conformity  in  weights  and 
measures  with  other  nations."  (Italics  mine.)  After  discussing 
the  matter  in  detail,  he  concludes,  "  It  is  the  foregoing  and  simi- 
lar considerations  which  lead  the  undersigned  to  doubt  whether 
the  international  units  of  measure  will  ever  wholly  take  the  place 
of  all  others  in  our  domestic  transactions." 

The  Department  of  the  Interior  is  no  less  pronounced.  From 
a  detailed  analysis  of  the  effects  and  practicability  of  the  change 
in  land  measurement,  the  Commissioner  of  the  Land  Office  con- 
cludes that "  the  effect  will  be  to  increase  its  labors  and  expenses, 
and  to  cause  great  inconvenience  to  the  public  for  many  years  to 
come,  and  these  embarrassments  seem  to  be  unbalanced  by  any 
corresponding  advantage."  The  Commissioner  of  Patents,  also, 
finds  the  change  sufficiently  difficult  in  general,  *^  but  for  real 
estate   transactions  impracticable   and   not   to  be  considered." 
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*'  The  existing  law/'  he  says, "  makes  the  nse  of  the  metric  system 
permissible.  Those  who  find  it  to  their  advantage  do  and  will 
employ  it.  But  I  would  not  advise  legislation  further."  As 
regards  the  initrinsic  merits  of  the  metric  system :  ''  The  mind 
does  not  readily  vault  over  the  wide  intervals  that  the  decimal 
system  demands.  Hence,  while  from  the  nature  of  numerical 
notation  the  use  of  a  decimal  system  facilitates  calculation,  its 
advantages  over  others  in  all  practical  operations  are  subject  to 
question,  and'  until  these  advantages  have  been  most  emphatically 
demonstrated,  I  should  be  slow  to  recommend  that  the  use  of  the 
metric  system  be  made  obligatory  upon  the  American  people. 
Our  commercial  transactions,  other  than  domestic,  must  always 
be  largely  with  other  English-speaking  people  who  use  the  same 
systems  with  ourselves,  and  I  cannot  believe  it  advantageous  to 
make  such  a  radical  change  as  this  resolution  suggests,  except 
with  the  concurrence  and  concerted  action  of  Great  Britain  and 
her  colonies." 

These  recommendations  of  the  executive  have  served  to  put  an 
effectual  quietus  on  any  further  action  by  Congress,  which  has 
lasted  up  to  the  present  time.  The  silence  was  broken,  so  to 
speak,  only  by  the  occasional  presentation  of  somebody's  bill  for 
a  compulsory  law,  some  petition  or  memorial,  and  by  frequent 
reports  of  the  standing  Committee  of  the  House  on  Coinage, 
Weights  and  Measures, — reports  which  have  been  always  favorable 
to  the  metric  system  and  always  couched  in  a  partisan  spirit." 
Our  national  legislature  has  never  been  permitted  by  its  commit- 
tee to  see  more  than  one  face  of  the  subject  of  weights  and 
measures ;  the  other  (as  we  often  find  it  necessary  to  do  in  the 
education  of  the  young)  has  been  studiously  suppressed,  with 
the  usual  good  intention.  Meanwhile  our  own  system  of  weigh- 
ing and  measuring  has  been  left  to  take  care  of  itself,  and  the 
Committee  have  endeavored  not  to  remove,  but  to  heap  ridicule 
on  its  defects,  and  thus  not  to  ameliorate,  but  to  discredit,  the 
whole  system. 

In  1890  Secretary  of  State  Blaine  asked  the  favorable  attention 
of  Congress  to  the  resolution  of  the  Pan-American  Congress  in 
favor  of  the  metric  system,  asking  that  it  be  used  in  the  customs 

*'  This  committee  lias  even  favorably  discussed  an  alteratioo  of  our  system  of 
coinage  ;  not  becaufte  it  is  inconyeoieot,  but  becaune  it  is  "  unscientific ; ''  that 
is,  because,  forsooth,  the  weight  of  gold  which  its  unit  contains  is  not  exactly 
equal  to  a  round  number  of  FrencU  '*  grammes"  ! 
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service.  The  Secretaries  of  the  Treasury  in  1890,  1891  and  1892 
made  the  same  recommendation  in  their  annual  reports ;  and  in 
1893  the  Secretary  of  the  Treasury  issued  a  bulletin  announcing 
that  the  metre  and  kilogramme  standards  which  were  the  work 
of  the  International  Bureau  (p.  545),  would  be  regarded  by  the 
office  as  the  fundamentid  standards  In  1895  Congressman  (now 
Postmaster-General)  Wilson  introduced  and  carried  in  Congress  a 
resolution  constituting  the  Secretary  of  the  Treasury,  the  Director 
of  the  Mint  and  the  Superintendent  of  the  Coast  and  Gbodetic 
Survey  a  Commission  to  inquire  into  the  metric  system  and  report 
at  the  following  session.  They  did  not  report,  but  wrote  letters 
to  the  Committee  on  Coinage,  Weights  and  Measures  in  its  favor ; 
so  also  did  the  Supervising  Surgeon-General  of  the  Marine  Hos- 
pital Service  and  the  Chief  Clerk  of  the  Bureau  of  Statistics,  of 
the  same  department,  the  Secretary  of  Agriculture,  the  Postmas- 
ter-General, and  the  Director  of  the  Bureau  of  American  Repub- 
lics. The  Secretary  of  the  Interior  replied  to  the  Committee  in 
opposition  to  any  adoption  of  the  metric  system,  and  the  Director 
of  the  Geological  Survey  and  Commissioner  of  the  General  Land 
Office  favored  only  a  limited  application.  These  letters  are  ap- 
pended to  the  Eeport  of  the  Hearing  before  the  Committee,  of 
January  30, 1896.    No  replies  from  the  other  departments  are  given. 

There  is  nothing  further  of  importance  to  record  (except  what 
will  be  discussed  in  the  next  section)  in  the  American  history  of 
the  subject ;  but  I  must  be  allowed  to  mention  briefly  the  action 
in  Congress  during  the  last  session,  not  only  because  it  was  the 
original  occasion  of  the  present  paper,  but  because  it  has  an 
important  bearing  on  events  which  may  presently  transpire. 

On  December  26  last,  a  bill  was  introduced  into  the  House  of 
Bepresentatives  for  **  legalizing  "  the  metric  system  (or  rather  for 
disfranchising  that  now  in  use),  and  was  referred  to  the  Commit- 
tee on  Coinage,  Weights  and  Measures.  The  latter  reported  on 
March  16,  submitting  a  substitute  bill,  together  with  the  usual 
recommendations  on  the  subject.  The  new  bill  (practically  the 
same  as  the  old)  provided,  essentially  : 

"  1.  That  from  and  after  the  first  day  of  July,  1898,  all  the  De- 
partments of  the  Government  of  the  United  States,  in  transaction 
of  all  business  requiring  the  use  of  weight  and  measurement,  ex- 
•cept  in  completing  the  survey  of  the  public  lands,  shall  employ 
find  use  only  the  weights  and  measures  of  the  metric  system. 

"  2.  That  from  and  after  the  first  day  of  January,  1901,  the 
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metric  system  of  weights  and  measores  shall  be  the  only  legal 
system  of  weights  and  measures  recognized  in  the  United  States." 

This  bill  was  debated  on  April  7,  its  original  promoter  and  the 
chairman  of  the  House  Committee  speaking  for  it,  and  members 
from  New  York,  New  Jersey,  Virginia  and  Illinois  speaking  in 
opposition ;  and  on  April  8  it  was  recommitted,  with  an  amend- 
ment, to  the  same  committee,  where  it  still  remains,  to  be 
brought  forward  again  at  the  present  session.  It  should  be  added, 
however,  that  just  before  the  close  of  the  last,  a  resolution  was 
introduced  in  the  Senate,  for  collecting  and  printing  **  for  the  use 
of  the  Senate  all  obtainable  information  on  the  subject  of  a  metric 
system  of  weights  and  measures,"  which  resolution  was  referred. 
to  the  Committee  on  Printing. 

A  number  of  technical  bodies  have  expressed  their  opinions  on 
the  metrical  system,  some  one  way,  some  another ;  these  will  be 
referred  to  later  on.  Of  petitions',  memorials,  etc.,  which  are  on 
hand  ad  libitum  the  year  round,  for  any  cause  with  a  semblance 
of  merit,  I  need  not  speak  at  length. 

Progress  of  the  Metric  System. 

This  is  a  subject  so  often  brought  to  our  notice  as  almost  to 
seem  trite.  I  need  not  dwell  long  on  its  details.  The  list  of  coun- 
tries which  use,  or  are  supposed  to  use,  the  metric  system,  we 
know  almost  by  heart ;  as  well  as  those  that  do  not,  for  they  are 
conspicuous  by  their  absence. 

The  Low  Countries,  which  were  early  identified  in  their  for- 
tunes with  France  and  each  other,  scarcely  need  separate  men- 
tion. Of  these,  Belgium  was  a  part  of  the  French  Eepublic  from 
1792,  and  shared  her  fortunes,  metrical  and  otherwise,  under  the 
Oonsulate  and  the  Empire.  The  conquests  of  Napoleon  spread 
the  metric  system  through  the  nations  of  Europe ;  all  of  whom 
threw  off  the  system  on  the  collapse  of  the  Empire,  except  Holland, 
which  at  the  same  time  became  united  with  Belgium ;  and  royal 
decrees  in  1816  and  1817  fixed  the  system  upon  the  two  coun- 
tries. They  may,  therefore,  be  said  to  have  accepted  rather  than 
adopted  that  system,  under  a  combination  of  circumstances.  But 
Belgium  found  it  necessary  to  pass  a  new  compulsory  law  in  1855, 
and  Holland  in  1869,  the  latter  making  the  use  of  the  metric 
terms  obligatory  from  1880. 

In  1835  a  number  of  the  Swiss  cantons  found  it  necessary  to 
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consolidate  their  weights  and  measures,  which  differed  among 
each  other  in  every  canton ;  and  while  doing  so,  they  established 
them  so  as  to  form  easy  ratios  with  the  metric  system ;  thus  the 
foot  was  made  equal  to  ^  of  a  metre.  They  also  established 
decimal  divisions.  No  law  in  regard  to  the  metric  system  was 
passed  until  1868,  when  it  was  made  permissive  by  law.  A  law  of 
1875  made  its  use  obligatory  from  January  1, 1877,  and  a  further 
law  was  passed  in  1880. 

The  first  country  to  adopt  the  metric  system  was  the  kingdom 
of  Ghreece,  in  1836,  but  under  what  conditions  I  am  unable  to 
learn.     It  is,  however,  said  to  be  obligatory  in  that  country.* 

Following  this  came  the  action  of  Chili,  where  it  was  "  intro* 
duced  "  in  1848,  but  the  introduction  did  not  lea4  to  a  more  inti- 
mate acquaintance.  In  1862  the  President  decreed  that  it  should 
be  used  for  customs  purposes  after  January  1, 1863.  It  has  never,, 
to  my  knowledge,  been  made  obligatory  for  general  use  in  that 
country. 

In  Spain  it  was  also  introduced  in  1849,  and  made  compulsory 
in  1855  and  1859 ;  but  it  had  to  be  done  over  again  in  1880,  when 
the  colonies  also  were  included.  Portugal  shortly  followed  Spain 
in  its  first  metrical  law  (1852),  though  it  was  not  made  compulsory 
till  1868.  Then  follow  a  number  of  South  American  States ;  Colom- 
bia, in  1853,  ordering  the  use  of  the  metric  system  in  official  trans- 
actions January  1,  1854;  but  the  system  is  only  permissive  for 
private  persons,  as  in  Chili  and  the  United  States.  Ecuador  in 
1856  passed  a  lawmaking  it  legal  from  1866 ;  but  changed  its  mind 
in  the  following  year,  ordering  it  to  be  obligatory  in  all  transactions. 
President  Oommonfort  of  Mexico  ordered  its  introduction  in 
1857 ;  requiring  that  six  months  after  date  of  the  decree  it  should 
be  exclusively  used  in  all  government  transactions,  and  from  Jan- 
uary 1,  1862,  by  everybody.  But  as  the  government  paid  no 
attention  to  this  order,  a  new  decree  was  issued  to  the  same  effect 
four  years  later.  However,  as  this  decree  had  no  more  effect  for 
private  working  than  the  former,  an  imperial  decree  was  issued 
in  1865,  again  ordering  the  exclusive  use  of  the  metric  system. 
This  use  is  now  said  by  the  metrical  advocates  to  be  "  extending.'^ 


*•  StniDgelj  enough,  Mr.  J.  W.  Nystrom,  writing  in  1876,  numbers  Greece 
among  the  only  four  European  countries  which  have  not  adopted  the  metric 
system.  And  in  1890,  Prof.  B.  A.  Gould  referred  to  Greece  in  tlie  same  manner 
{Jour,  Amu.  Eng.  Soc,  Vol.  IX.,  p.  285).  And  "there  are  others."  I  suppose 
tbi^  is  on  account  of  the  difference  of  opinion  as  to  what  constitutes  adoption. 
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In  Guatemala  and  Costa  Bioa^  the  metric  weights  and  measures 
have  been  "  legally  in  force  "  since  1&58,  but  it  is  certain  they  are 
not  used,  and  I  cannot  learn  that  any  attempt  has  been  made  to 
make  them.  In  Uruguay  they  were  legalized  in  1862,  and  are  in 
use  for  customs.  The  Argentine  Republic  adopted  the  metric 
system  by  a  law  of  1863,  and  in  1872  ordered  its  use  in  the  custom- 
house ;  in  1877  a  law  was  passed  making  it  compulsory  for  general 
use  at  tlie  end  of  ten  years.  In  Venezuela,  also,  the  system  has 
been  legally  in  force  since  about  1864,  but  this  need  scarcely  be 
mentioned,  as  even  the  new  tariff  of  1867  used  the  earlier  system. 
In  1869,  however,  the  metric  was  made  obligatory  for  customs  after 
1872 ;  farther  than  this  it  has  not  been  carried.  Peru  had  long 
before  ordered  the  use  of  the  metric  system,  but  the  order  had  no 
effect  until  1869,  when  a  new  decree  was  issued,  and  it  began  to 
be  used  for  customs  purposes. 

In  Italy  the  first  really  serious  effort  was  made  to  oblige  the 
use  of  the  metric  system  by  individuals.  This  was  when  the 
country  was  united  into  one  government  in  1861,  and  the  law  took 
effect  over  most  of  the  Italian  States  in  1863,  and  in  Venice  in 
1869.  Denmark  in  1863  made  the  commercial  pound  equal  to  500 
grammes,  which  is  the  only  action  (except  in  regard  to  coin- 
weights,  which  I  do  not  here  include)  that  country  has  ever  taken 
in  the  matter.  A  bill  for  compulsion  failed  there  in  1876.  The 
permissive  laws  of  Great  Britain  and  the  United  States  hate 
already  been  mentioned. 

It  was  in  Germany  that  the  most  important  step  was  taken. 
At  the  time  of  the  formation  of  the  Empire,  the  weights  and  meas- 
ures of  the  various  states  were  in  the  most  hopeless  confusion. 
The  North  German  Union  partially  corrected  this  by  a  law  of 
1868,  making  the  metric  system  compulsory  January  1,  1872, 
which  was  afterward  extended  throughout  the  Empire.  Germany 
was  followed  by  Austria-Hungary,  which  in  July,  1871,  made  the 
metric  system  obligatory  in  four  and  a  half  years  from  that  date. 

Turkey  passed  a  law  (if  that  is  the  proper  expression),  intro- 
ducing the  metric  system,  in  1869,  which  went  into  effect  for  all 
official  purposes  of  the  empire  in  1871,  and  three  years  after 
made  its  use  obligatory  to  the  public. 

In  Brazil  a  law  was  passed  in  1862,  allowing  the  use  of  the 
metric  system  on  ten  years'  trial  ;  but  on  September  18,  1872, 

*•  Theae  countries,  besides  Honduras  and  Salvador,  havt>  recently  passed  new 
laws,  and  it  is  said  they  now  use  the  metric  syntem  in  official  transactions. 
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without  any  previous  notice,  a  decree  was  issued  making  it  obli- 
gatory the  1st  of  July  following,  with  six  months*  grace  for  the 
execution  of  the  decree.  This  progressive  country,  which,  as  we 
here  see,  is  "  advancing  with  rapid  strides,'*  has  found  a  period 
of  ten  to  fifteen  months  sufficient  for  making  this  and  other  equallj 
important  changes,  and  the  friends  of  the  metric  system  do  well 
to  point  with  pride  to  its  example. 

In  Canada  a  permissive  law  was  passed  in  1873.  In  Egypt 
the  use  of  the  metric  system  was  **  ordered  "  in  1876,  but  got  no 
farther  than  the  order.  Yet  Egypt  is  commonly  classed  with  the 
metric  countries. 

In  Broumania,  a  royal  edict  of  1874  charged  the  government 
with  the  introduction  of  the  system,  but  nothing  was  accomplished 
till  1884,  when  it  became  compulsory.  In  Servia  it  was  introduced 
in  1880. 

The  last  important  countries  on  the  list  are  Sweden  and  Norway. 
These  countries,  after  an  attempted  decimalization  of  the  existing 
system,  gave  it  up,  and  in  1875  adopted  the  metric  system,  which 
was  made  obligatory  from  January  1,  1883.  The  Grand  Duchy 
of  Finland  has  made  the  metric  system  compulsory  from  Janu- 
ary 1,  1892. 

I  may  be  permitted  to  pass  by  countries  like  Hayti,  San  Do-- 
mingo,  Madeira,  etc.,  which  serve  to  swell  the  list  of  names,  but 
not  the  population. 

In  Eussia,  the  first  step  was  taken  by  Peter  the  Great,  who,, 
returning  from  his  celebrated  trip  to  England,  brought  back  with 
him,  among  other  things,  the  English  foot.  He  did  not  make  any 
foolish  and  useless  attempt  to  supplant  the  measures  already  in 
use,  but  adjusted  the  sagene  to  equal  seven  feet.  This  made  the 
Bussian  measures  commensurable  and  easily  convertible  with  the 
British  measures.  This  was  two  centuries  ago,  and  since  then 
the  use  of  English  linear  measure  has  become  quite  common  in 
Bussia.  The  use  of  the  metric  system  in  customs  was  authorized 
in  1870.  In  1876  a  commission  was  appointed  to  visit  Paris  and 
inquire  as  to  the  metric  system,  and  they  reported  in  favor  of 
adopting  it  The  government,  however,  did  not  act  on  this  sug- 
gestion. The  dictum  of  her  officials  has  always  been  that  she 
would  adopt  it  when  Great  Britain  does.  It  is  used,  however, 
for  some  scientific  purposes,  and  in  some  few,  perhaps,  of  the 
manufactures. 

No  country  of  importance, — unless  Finland  is  so  considered, — 
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has  adopted  the  metric  system  for  the  past  twenty  years.  ^ 
Neither  Bussia,  nor  Great  Britain,  nor  any  English-speaking 
country  has  ever  adopted  it,  or  made  it  anything  bat  permissive, 
which  permission  in  those  countries  ahready  existed- 

As,  however,  it  is  commonly  asserted  that  India  has  adopted 
the  metric  system,  it  may  be  well  to  mention  the  facts  ;  for  which 
I  refer  to  a  letter  of  Mr.  F.  G.  Brook-Fox,  published  in  Naiurej 
January  9,  1896,  p.  222.  In  1870  the  government  of  India,  in  the 
council  of  the  Governor-General,  passed  an  act  for  the  introduc- 
tion of  the  metric  system  ;  but  this  act  was  vetoed  by  the  Secre- 
tary of  State  (the  Duke  of  Argyll)  and  his  council,  whose  assent 
was  required.  In  the  following  year  a  permissive  bill  was  passed, 
and,  like  other  permissive  bills,  has  remained  a  dead  letter. 

In  the  year  1870,  on  invitation  of  the  French  government,  an 
International  Standard  Convention  was  held  in  Paris,  for  the 
purpose  of  revising  the  standard  units  of  the  metric  system.  (It 
was  this  convention  which  decided  to  adopt  the  standards  of  the 
French  archives,  in  place  of  those  given  by  nature.)  It  resulted, 
in  1875,  in  an  agreement,  signed  by  seventeen  countries  (including 
Bussia  and  United  States,  but  not  Great  Britain"),  forming  the 
International  Bureau  of  Weights  and  Measures.  But  as  the  his- 
tory of  this  Bureau  pertains  rather  to  metrology  than  the  metric 
system, — advocates  and  opponents  of  the  latter  alike  participat- 
ing,— it  will  not  here  be  discussed. 

In  1888  Congress  authorized  the  President  to  invite  the  Ameri- 
can nations  to  a  conference,  whose  principal  objects  were  the 
formation  of  an  American  Customs-Union,  and  the  adoption  of  a 
uniform  system  of  weights  and  measures.  This  was  the  well- 
known  Pan-American  Congress  of  Secretary  Blaine.  It  was,  how- 
ever, productive  of  no  result. 

In  1895,  on  November  20,  a  deputation  of  forty-six  English 

••No,  I  have  not  forgotten  Bulgaria.  Bulgaria  was  a  Turkish  province  for 
seven  years  after  tlie  metric  sTstem  was  introduced  and  four  years  after  it  was 
made  compulsory  tliere.  If  the  authorities  have  found  it  necessary  to  excom- 
municate anew  tlie  old  measures  within  the  past  year,  it  is  not  because  it  had  not 
been  done  several  times  before.  Turltey  also  solemnly  **  made  tlie  metric  system 
obligatory  and  exclusive"  in  1895.  Roumania  nnd  Servia  would  seem  to  belong 
in  the  same  category  as  Bulgaria,  so  far  as  the  first  Turkish  law  is  concerned. 

"Great  Britain  subsequently  (1884)  joined  the  Bureau,  in  order  to  avail  herself 
of  its  superior  facilities,  and  under  the  stipulation  '*that  Her  Majesty's  Govern- 
ment  desire  to  guard  themselves  in  the  most  explicit  and  formal  manner  from 
the  admission  ....  of  any  intention  of  adopting  or  proposing  the  adoption 
of  the  metric  system  in  this  country."  {Jour,  Asm,  Eng,  ISoc.,  Vol.  V.,  p.  269.) 
85 
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Chambers  of  Commerce,  headed  by  Sir  Henry  Boscoe  (Chairman 
of  the  late  Parliamentary  Committee),  waited  on  Mr.  Balfour, 
First  Lord  of  the  Treasury,  to  urge  on  the  Government  the  desir- 
ability of  adopting  the  metric  system.  Mr.  Balfour  replied  to 
them,  that  while  strongly  advocating  the  change  himself,  and 
believing  that  "  the  solitary  argument  which  appears  to  have  been 
alleged  on  the  other  side  is  that  the  existing  English  system  is  a 
good  gymnastic  for  the  mind,"  he  hardly  thought  that  the  Cham- 
bers of  Commerce,  or  even  the  trades-union  congresses,  are  ade- 
quate representatives  of  the  kind  of  feeling  which  would  probably 
animate  the  great  mass  of  small  retail  dealers,  and  those  who  buy 
their  goods  from  such  dealers,  who  would  suddenly  find  all  their 
familiar  landmarks  swept  away  and  unfamiliar  things  put  in 
their  places.  He  therefore  believed  that  the  proper  field  for 
exertion  was  not  in  legislation,  but  in  the  energy  of  private 
enterprise. 

Five  of  our  State  legislatures  have  moved  for  the  introduction 
of  the  metric  system  by  Congress;  New  Hampshire  in  1859, 
Maine  in  1860,  Connecticut  in  1861,  Massachusetts  in  1876,  and 
Utah  in  1896.  Massachusetts,  Connecticut  and  New  Jersey  have 
required  it  to  be  taught  in  the  primary  schools. 

As  regards  progress  of  the  metric  system  by  private  initiative, 
there  is  practically  nothing  to  record,  except  in  the  field  of  pure 
science,  where  the  metric  system  had  driven  out  all  others  long 
before  the  governmental  action  of  the  different  countries.  But  in 
practical  life,  and  in  applied  science,  technology,  etc.,  the  metric 
system  has  never  made  any  progress.  It  was  adopted  in  1868  by 
the  American  Watch  Company  of  Waltham,  Mass.,  in  the  manu- 
facture of  watches ;  as  it  had  been  adopted  years  before,  as  an 
f  experiment,  in  one  department  of  their  factory,  by  the  firm  of 
Wm.  Sellers  &  Co.,  of  Philadelphia.  It  has  also  been  adopted  by 
the  American  Watch  Tool  Company  of  the  same  place,  and  by  the 
Solvay  Process  Company,  of  Syracuse,  N.  Y.  I  also  hear  that  an 
English  machine-shop  adopted  it  about  twenty  years  ago,  and 
one  in  New  Jersey.  But  apart  from  these  instances,  and  perhaps 
a  few  similar  ones  which  I  have  not  stumbled  upon,  the  metric 
system  has  gained  no  admittance  whatever  into  the  workings  of 
daily  life,  in  any  country,  not  even  after  many  years,  but  by  legal 
compulsion, — a  fact  which,  of  itself,  ought  to  warn  even  its  advo- 
cates that  there  are,  at  least,  two  sides  to  such  a  question. 
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n.  Abgumentatiye. 

The  aigaments  addaced  for  the  superiority  of  the  metric  sys- 
tem are  specious  and  plausible  enough;  and  the  saying  which 
we  so  often  hear  is  not  without  a  grain  of  truth,  that  "  it  would 
be  superfluous  to  enter  into  all  the  advantages  possessed  by  a 
decimal  over  a  duodecimal  or  octonal  system,  for  these  will  be 
evident  to  all  that  have  given  the  subject  a  moment's  considera- 
tion."® It  is  a  fact  to  be  regretted,  that  most  of  those  who  write 
and  speak  in  favor  of  the  metric  system  appear  to  have  given  the 
subject  no  more  than  this ;  for  it  is  only  the  maturer  judgment, 
formed  from  a  careful  review  of  experience,  that  leads  to  a  realiza- 
tion of  its  disadvantages.  Let  us  first  discuss  the  abstract  claims 
for  superiority  of  the  metric  system ;  after  which  we  will  consider 
those  drawn  from  history,  and  from  the  present  status  of  affairs 
(commercial,  etc.) ;  and  finally,  the  matter  of  a  change  from  one  to 
the  other,  on  the  part  of  the  United  States  of  America. 

The  first  argument  for  the  superiority  of  the  metric  system 
(being  that  for  which  the  greatest  labor  was  uodertaken,  and  on 
which,  in  the  address  to  the  National  Convention  in  1799,  the 
greatest  stress  was  laid)  is  the  fact  that  its  base  is  the  exact  ten- 
millionth  part  of  the  quadrant  of  the  earth's  meridian  ;  this  con 
stitutes  being  a  scientific  basis.  This  argument,  and  the  obvious 
reply  thereto,  are  so  very  trite  that  I  ought,  perhaps,  to  apologize 
for  even  mentioning  it  to  the  members  of  this  Society.  Yet  so 
long  as  the  metre  could  maintain  this  boast  (although  as  a  means 
of  verification  it  had  long  since  been  discarded),  there  did  not 
seem  to  be  any  reply  to  it,  because  other  units  were  not  the 
aliquot  part  of  anything  in  nature.  But  to-day  it  is  at  length 
universally  acknowledged,  as  it  was  by  the  International  Conven- 
tion of  1870,  that  the  metre  is  not  what  it  claims  to  be  ;  the  last 
opposition  to  this  acknowledgment  disappearing  in  1889 ;®  and  the 
argument,  therefore,  such  as  it  is,  no  longer  properly  obtains.  Both 
Mr.  Airy  in  England  and  M.  Schubert,  a  Bussian  astronomer  of  great 
eminence,  have  pointed  out  specifically  the  extent  of  the  error.** 

"  W.  W.  Hardwicke  in  Longman's  Magazine,  Vol.  X.,  p.  517.     (Italics  miue.) 
**  Withthe  decease  of  President  F.  A.  P.  Barnard.  D.D.,  LL.D. 
**  This,  it  will  be  remembered,  is  just  what  was  predicted  by  Lalande  in  1790  ; 
and  his  advice  (quoted  on  page  496)  ought  to  be  instructive  reading  to  the  suc- 
cessors of  those  who  neglected  it. 
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But  "it  is  enough  for  our  present  purpose  to  know,"  says  Pro- 
fessor Dayies,  "  that  the  science  of  the  world  has  not  accepted 
the  quarter  meridian  as  having  a  fixed  valnCy  and  that  the  ablest 
minds  in  England  will  probably  not  so  accept  it"  It  is  not  prob- 
able that  any  two  meridians,  or  even  any  two  quadrants  of  the 
same  meridian,  are  of  exactly  equal  length.  It  has  been  demon- 
strated that  the  northern  and  southern  hemispheres,  as  well  as 
the  eastern  and  western,  are  unequal.  "  A  more  serious  objec- 
tion," says  Sir  John  Herschel,  "  is  the  choice  made  of  the  circum- 
ference of  the  meridional  or  generating  ellipse  of  the  terrestrial 
spheroid  in  preference  to  its  axis  of  revolution.  This  is  a 
blemish  on  the  very  face  of  the  system — ^a  sin  against  geometrical 
simplicity."  According  to  him,  the  inch  is  just  as  scientific  and 
natural  as  the  metre,  being  almost  as  near  to  one  five-hundred- 
millionth  of  the  earth's  polar  axis  as  the  metre  is  to  one  forty- 
millionth  of  the  meridian. 

But  of  what  imaginable  consequence  can  it  be  to  any  one, 
what  ratio  the  unit  of  length  bears  to  the  dimensions  of  the 
earth  or  to  any  other  physical  magnitude  with  which  the  life  of 
mankind  has  nothing  to  do?  By  what  refinement  of  scientific 
fancy  can  such  relation  be  deemed  to  constitute  a  natural  stand- 
ard ?  The  mere  fact  that  such  a  plea  is  ui^ed,  as  it  constantly  is 
even  today,  is  sufficient  evidence  that  the  advocation  of  the  sys- 
tem does  not  come  from  those  who  have  to  do  with  practical  af- 
fairs, and  on  whom  rests  the  prosperity  of  nations.  This  scien- 
tific, or  rather  pseudo-scientific,  craze  for  round  numbers  where 
they  are  not  needed  is  fittingly  exhibited  by  a  practical  example. 
The  standard  gauge  of  railroads  in  most  countries  is  uniform,  and 
equal  to  4  feet  8^  inches.  This  number  would  probably  look 
better  were  it  exactly  5  feet ;  but  this  is  of  no  consequence  what- 
ever  either  to  those  who  lay  the  tracks  or  those  who  ride  over 
them.  But,  with  characteristic  perversity,  the  French  engineers 
have  attempted,  with  partial  success,  to  destroy  the  existing  uni- 
formity in  order  to  introduce  a  more  scientific  gauge  of  exactly  one 
metre.  In  India,  for  instance,  a  new  country,  the  uniformity  was 
complete ;  and  the  disgust  occasioned  by  this  wanton  destruc- 
tion of  it  led  President  Hawksley,  in  his  address  before  the  In- 
stitution of  Civil  Engineers  in  1872,  to  say  some  severe  things 
about  the  metre.  "  One  of  the  worst  founded  and  most  perplex- 
ing measures  of  length,"  he  declared,  ^*  with  which  it  has  been 
my  fortune  to  become  acquainted.     A  measure  which  bases  Msk 
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claim  to  oniversal  acceptance  on  the  intangible  groond  that  its 
length  is,  by  its  oym  unprovable  assertion,  exactly  one  ten- 
millionth  part  of  a  quadrant  of  the  earth's  equatorial  circum- 
ference ! " 

Another  and  important  example  of  this  craze  for  a  natural 
standard  is  represented  by  the  centigrade  thermometer,  which, 
besides  containing  exactly  100  degrees  between  the  freezing 
and  boiling  points  of  water,  has  *'  its  zero  at  the  freezing  point — 
the  only  invariable  point  of  temperature  in  nature,"  etc.®  Al- 
though this  last  clause  is  enigmatical,  I  may,  perhaps,  be  per- 
mitted to  suggest  that,  if  we  are  to  have  a  sentimental  zero  to  the 
exclusion  of  convenience,  it  might  be  as  well  to  have  it  at  the 
**  absolute  zero,"  which  would  preclude,  at  least,  the  use  of  nega- 
tive signs.  Into  how  many  degrees  the  scale  is  divided  can  be  of 
no  possible  consequence,  provided  they  are  of  convenient  size. 
But  the  disadvantages  of  the  centigrade  scale  are  best  told  by 
Mr.  W.  A.  Hazen  of  the  United  States  Weather  Bureau,  who  was 
led  by  the  recent  agitation  to  express  his  opinions  on  this  subject 
He  says,  *'  The  metric  system  usually  carries  with  it  the  centigrade 
thermometer,  and  here  the  whole  English-speaking  world  should 
give  no  uncertain  sound.  In  meteorology  it  would  be  difficult  to 
find  a  worse  scale  than  the  centigrade.  The  plea  that  we  must 
have  just  100  degrees  between  the  freezing  and  boiling  points 
does  not  hold  ;  any  convenient  number  will  do.  The  centigrade 
degree  (1.8  degrees  Fahr.)  is  just  twice  too  large  for  ordinary 
studies.  The  worst  difficulty,  however,  is  in  the  use  of  the  centi- 
grade scale  below  freezing.  To  average  a  column  of  thirty  figures, 
half  of  which  are  minus,  takes  nearly  double  time  that  figures  all 
on  one  side  would  take,  and  the  liability  to  error  is  more  than 
twice  as  great.  I  have  found  scores  of  errors  in  foreign  publica- 
tions ...  all  due  to  this  most  inconvenient  minus  sign.  If 
any  one  ever  gets  a  *  bee  in  his  bonnet '  on  this  subject,  and  de- 
sires to  make  the  change  on  general  principles,  it  is  very  much  to 
be  hoped  that  he  will  write  down  a  column  of  thirty  figures  half 
below  32  degrees  Fahr.,  then  convert  them  to  the  centigrade  scale 
and  try  to  average  them.*'*^ 

The  metre,  as  has  many  times  been  remarked,  is  really  as  arbi- 
trary a  standard  as  the  foot.     The  only  real  thing  about  it  is  the 


*  Banker^ 8  Magazine,  New  York.  Vol.  XI.,  p.  606. 
'  Nature,  January  2,  1896,  p.  198. 


550  THE   METRIC  VERSUS  THE   DUODECIMAL   SYSTEM. 

rod  in  the  public  archives.  Professor  Joseph  Henry,  who,  as  an 
electrician,  might  be  considered  to  speak  from  experience,  said  : 
**  The  only  objection  to  the  foot,  which  has  come  down  to  us  from 
the  days  of  ancient  Egypt,  is,  that  it  is  an  arbitrary  measure  and 
cannot  be  verified  by  comparison  with  any  fixed  magnitude  in 
nature.  But  in  this  respect  the  metre  has  no  advantage.  It  is 
highly  important  to  the  advance  of  humanity  that  a  uniform  sys- 
tem of  weights  and  measures  should  be  introduced  throughout 
the  civilized  world.  But  the  realization  of  this  proposition  is  a 
matter  of  intrinsic  difficulty,  which  has  been  much  increased  by 
the  unfortunate  attempt  to  introduce  the  French  metre  as  a 
standard.'*  ^  '*  The  metre  was  adopted  in  France,"  says  the  Re- 
port of  the  Franklin  Institute  in  1876,  "  only  because  the  harmo- 
nious proportion  between  the  metre  and  the  length  of  the  meridian 
would  bring  all  local  measurements  into  harmony  with  the  meas- 
urement of  the  world.  But  the  decimal  division  of  the  quadrant 
and  of  time  having  been  abandoned,  and  the  adopted  length  of 
the  metre  having  been  found  incorrect,  there  remains  not  even 
the  sentimental  reason  for  adopting  it  as  our  unit  of  measure." 

The  second  argument  in  order  of  importance  (following  the 
address  of  Laplace  before  the  Convention)  is  that  of  uniformity. 
Against  uniformity  in  the  abstract,  nothing,  of  course,  can  be 
said.  But  the  metricists  proposed  that  '*  the  weight  and  dimen- 
sions of  every  material  thing,  whether  solid,  liquid  or  gaseous, 
whether  on  land  or  on  water,  whether  on  the  earth  or  in  the 
heavens,  and  whether  determined  by  the  scale,  plummet,  balance, 
and  barometer  or  thermometer,  are  ascertained  by  a  method 
absolutely  uniform,  entirely  simple,  resting  upon  a  single  invaria- 
ble standard,  secure  against  the  possibility  of  change  or  loss  by 
being  constructed  on  scientific  principles,"  etc.,  etc.  They  in- 
sisted that  everything  must  be  bound  by  bars  of  iron,  or  of  plati- 
num, to  adhere  to  this  wonderful  standard.  And  what  is  the 
result  ?  The  result  is  that  the  diameter  of  the  earth's  orbit  is, 
not  two  astronomical  units,  but  300,000,000,000  metres.  That  a 
wave-length  of  light  is  not  znhns  of  an  inch,  but  0.0000006  metres. 
That  long  rows  of  ciphers  on  either  side  of  the  decimal  point  are 
necessary  to  express  the  commonest  quantities  of  daily  life.  That 
the  architect  can  no  longer  use  a  scale  of  -f-  oi  an  inch  to  a  foot, 
nor  the  engineer  of  10  feet  to  an  inch  ;  but  they  must  use  instead 

•^  See  letter  published  in  Banker' a  Magazine,  N.  Y.,  Vol.  XXIV.,  p.  161. 
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0.015625  and  0.0083^.  That  our  maps  are  no  longer  on  a  scale  of 
Ti^hns  or  (nrWi  but  of  0.00005  and  of  0.0000166|.  That  the  work- 
man  can  no  longer  buy  a  half  or  a  quarter  of  a  pound  of  coffee ; 
he  must  buy  0.25  or  0.125  kilogramme.  That  no  one  is  any  longer 
to  be  allowed  to  imagine  a  sixth,  or  even  a  thirteenth  of  anything  ; 
he  must  mentally  express  it  as  0.16666  or  0.07692.  That  no  one, 
in  fine,  should  be  allowed  the  use  of  any  other  length  than  the 
metre^  any  other  volume  than  the  litre,  any  other  weight  than  the 
kilogramme.  Yet  the  only  answer  that  we  hear  to  this  is  that  the 
metre  is  "  just  as  convenient  as  the  yard."  Very  true ;  we  have  the 
yard,  and  we  do  not  use  it.  We  may  use  tenths  of  the  yard,  if  we 
wish,  but  we  don't  want  them.  We  have  also  the  third  of  a  yard, 
which  we  do  use,  because  it  is  more  convenient ;  we  have  tenths 
and  twelfths  of  the  foot,  but  we  generally  use  the  latter  ;  we  have 
tenths  and  sixteenths  of  the  inch,  but  we  use  the  sixteenths, 
except  in  a  few  cases,  where  tenths  are  more  convenient.  Each 
of  us  may,  if  he  choose,  bind  himself  by  a  vow  to  use  but  one 
measure  and  one  mode  of  division  in  all  cases  and  for  all  purposes ; 
but  why  should  he  insist  in  compelling  others  also  to  adopt  his 
private  ideas  ? 

It  is  the  general  verdict  of  engineers  that  the  metre  is  not  a 
convenient  measure  for  the  majority  of  purposes.  On  almost 
every  occasion  they  have  so  expressed  their  opinion.  It  was  said 
by  Mr.  Arthur  Hamilton-Smythe,  in  his  paper  before  the  Institu- 
tion of  Civil  Engineers,  in  1885,  that  a  workman  could  measure  a 
distance  with  a  metre  rule  in  two-thirds  the  time  taken  by  a  two- 
foot  rule.  This  was  denied  by  Mr.  W.  W.  Williams,  from  his 
experience  with  foreign  workmen,  who,  with  a  metre  rule,  were 
generally  longer  and  less  accurate  than  Englishmen  with  a  two- 
foot  rule  ;  besides  which  (he  said)  another  workman  was  generally 
called  in  to  put  a  mark  at  the  end.  But  no  argument,  after  the  fact 
of  our  own  practice,  and  that  of  the  whole  world  when  left  free  to 
choose  for  themselves,  is  so  conclusive  on  this  point  as  the  inci- 
dent related  on  this  occasion  by  Mr.  K  B.  Hanson,  who  visited 
Paris  in  1878,  and  some  shops  there,  "  where  several  young  arti- 
sans were  being  taught  under  the  French  Government,  and  he 
was  astonished  to  find  that  they  were  using  the  two-foot  rule  ;  on 
asking  the  reason,  he  was  told  that  it  was  found  to  be  so  mtich 
more  convenient.'-  So,  too,  the  Germans  and  French  both  use  the 
pound,  in  defiance  of  legislative  restriction ;  and  they  divide  it  up 
as  they  please.     To  make  a  change  from  the  yard  to  the  metre. 
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simply  because  the  metre  is  jast  as  oonvenient,  would  be,  as  Sir 
John  Herschel  said,  '*  a  standing  reproach  and  anomaly, — a 
change  for  changing's  sake.*'  But  to  change  because  the  metric 
system  allows  of  but  one  unit  of  length  for  aU  purposes,  would  be 
far  worse ;  it  would  be  a  retrograde  movement,  whose  results,  if 
it  were  possible  to  follow  it  out  in  all  its  provisions,  would  be 
most  deplorable. 

The  metricists  have,  in  fact,  committed  just  the  mistake  that 
we  should  have  expected  of  theorists,  and  just  the  one  a  manu- 
facturer would  commit,  for  example,  if  for  the  sake  of  uniformity 
he  were  to  allow  his  blacksmiths  to  use  but  one  size  hammer,  his 
carpenters  but  one  size  ^  saw,  and  his  machinists  but  one  size  file, 
or  insisted  that  the  sizes  should  be  related  to  each  other  only  in 
the  ratio  of  ten.  "The  mechanic,"  says  Dr.  Coleman  Sellers, 
'*  selects  his  tools  in  accordance  with  the  extent  of  his  work,  and 
doesn't  waste  time  driving  at  a  railroad  spike  with  a  tack-hammer.'' 

Another  advantage,  of  which  much  is  made,  of  this  vaunted 
uniformity,  is  the  fact  that  the  unit  of  volume  is  equal  to  the 
unit  of  weight  in  water.  This  is  undoubtedly  a  convenience ;  it 
formed  the  foundation  for  the  connection  of  the  English  and 
cmcient  units  of  weight  and  measure ;  but  in  order  to  appreciate 
how  great  this  convenience  is,  we  must  read  the  words  of  a  cer- 
tain learned  professor  on  this  subject.  "  A  French  engineer,"  he 
says,  "  has  instantly  the  weight  of  a  stone  or  structure  of  masonry 
when  he  knows  its  volume  or  its  specific  gravity ;  whereas  the 
English  engineer  has  to  reduce  his  measure  of  volume  to  cubic 
feet  and  fractions  of  the  same  to  multiply  them  by  62^  (roughly 
speaking),  and  the  product  by  the  specific  gravity  of  stone." " 
How  many  are  there  of  us  who  remember  the  specific  gravity  of 
stone,  or  iron,  or  any  common  material,  with  sufficient  accuracy 
to  make  a  calculation?  Yet  we  all  know  perfectly  well  that  cast 
iron  averages  4  cubic  inches  to  the  pound,  and  copper  or  gun- 
metal  3 ;  more  exactly  0.26  and  0.32  pounds  per  cubic  inch  (which 
are  correct  to  J  of  1  per  cent.).  The  fact  is  that,  in  these  days, 
we  never  use  *  specific  gravity  tables  except  when  we  use  the 
metre  and  for  special  cases  of  hydraulics.  But  where  this  rela- 
tion would  be  of  most  value,  viz.,  in  naval  construction,  its  advan- 
tages are  vitiated  by  the  fact  that  it  does  not  hold  for  sea-water. 
Indeed,  a  candid  friend  of  the  metric  system  has  expressed  him- 


•■  Jmr,  Frank.  Inst.,  Vol.  XCIV.,  p.  278  ;  October,  1872. 
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self  that  it  is  crude  and  unscientific.  "  The  practice  has  usually 
been  to  select  some  particular  substance  .  .  .  and  adopt  it 
as  a  standard.  .  .  .  An  example  of  the  persistent  use  of  this 
principle  is  to  be  found  in  the  still  common  mode  of  expressing 
the  density  of  matter,  by  referring  it  to  the  density  of  .  .  . 
water.  ...  It  has  taken  some  years  for  even  scientific  men 
to  fully  appreciate  the  objectionable  features  of  this  sort  of  me- 
trology, because  it  has  required  some  time  to  prove  that  the  con- 
ditions under  which  the  density  of  water  is  constant  are  difficult 
of  realization."** 

The  argument  of  uniformity,  however,  loses  much  of  its  impor- 
tance when  applied  to  English-speaking  countries.  Their  system 
is  already  uniform,  and  was  so,  practically,  decades  before  other 
countries  had  even  considered  the  subject.  It  is  the  result  of 
long  years  of  painstaking  deliberation  and  effort  by  the  world's 
greatest  men,  joined  with  the  constant  exertion  and  ingenuity  of 
the  enormous  industrial  interests  of  the  leading  commercial 
nations  of  the  world.  It  is  not  the  result  of  a  few  months'  delib- 
eration of  a  half-dozen  noblemen  who  never  even  bought  their 
own  groceries,  nor  of  a  whim  of  some  "  benevolent  despot,"  nor 
of  a  decree  of  some  lazy  one  who  had  neither  time  nor  talent  to 
take  the  bull  by  the  horns.  Yet  even  those  countries  which  have 
adopted  the  metric  system  had  far  more  reason  than  we.  They 
had  allowed  the  methods  of  weighing  and  measuring  to  run  into 
such  a  hopeless  tangle  that  they  might  be  lai^ely  excused  for 
grasping  at  the  only  straw  which  seemed  to  offer  any  hope  of 
salvation.**  They  were  divided  into  a  large  number  of  jarring 
states  which  a  strong  hand  scarcely  held  together,  and  which  any 
preference  shown  to  one  of  them  would  have  sufficed  to  scatter 
again.  But  even  so  the  British  inch  has  maintained  its  own ;  it 
has  not  been  displaced  by  any  metrical  unit,  but,  on  the  contrary, 
has  displaced  them,  in  total  despite  of  uniformity — for  the  inch 
and  the  metre  are  incommensurable. 


••T.  C.  Mendenhall  in  Tranaactums  A,  8,  C,  E.,  October,  1898,  Vol.  XXX.. 
p.  120. 

••  Thus  in  France  in  1790,  according  to  Prince  TaUeyrand.  there  were  18  dif- 
ferent pieds  (feet),  18  different  aunes  (ells),  21  different  poids  de  mare  (avoirdupois 
pounds),  24  different  boisseaux,  17  different  9aca,  23  different  aeptiers,  18  different 
tonTieaux  (tnBB),  all  legal  ;  this  was  "  only  a  much  abridged  statement  of  the 
principal  differences  between  the  weights  and  measures  of  the  kingdom."  In 
'Gennauy  and  Austria  it  was  as  bad,  and  in  Italy  much  worse. 
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ericg  how  far  it  should  be  extended,  or  where  it  finds  its  bound* 
ary  in  the  nature  of  things  and  of  man,  enacts  laws  inadequate  to 
their  purpose,  inconsistent  with  one  another;  sometimes  stub- 
bornly resisting,  at  others  weakly  yielding  to  inveterate  uses  and 
abuses;  and  finishes  by  increasing  the  diversities  which  it  was 
his  intention  to  abolish,  and  by  loading  his  statute-book  only  with 
the  impotence  of  authority,  and  the  uniformity  of  confusion." 

Let  us  now  consider  the  third  argument  in  order  of  succession 
(still  following  Laplace),  but  far  the  most  important  in  fact,  viz., 
the  decimal  divisions.  These  divisions  constitute,  in  the  eyes  of 
its  advocates,  the  most  brilliant  superiority  of  the  metric  system ; 
but  to  my  mind  its  most  fundamental  and  irremediable  defect. 
The  advantage  of  the  decimal  system  of  measures  obviously  is, 
that  so  expressed,  quantities  conform  to  the  arithmetical  scale, 
and  so  dispense  with  any  other.  That  this  advantage  is  a  great 
one  in  many  cases,  so  long  as  we  retain  our  numerical  base,  is 
what  cannot  be  doubted  ;  but  it  is  far  more  than  counterbalanced 
by  the  inferiority  of  that  number  as  a  base  for  subdivision.  "  If 
the  measurements  of  the  weights  and  the  dimensions  of  sub- 
stances," says  the  Franklin  Listitute  Report,  "  were  only  to  serve 
as  data  for  complicated  calculations,  the  reasons  for  adopting 
weights  and  measures  decimally  divided  would  have  controlled 
the  practice  long  ago.  .  .  .  But  the  fact  is,  that  the  vast  ma- 
jority of  weighings  and  measurings  are  followed  merely  by  mental 
calculations,  or  by  a  simple  multiplication  of  quantity  (whole  or 
fractional)  by  price  (in  decimals),  a  process  which  can  oftener  be 
done  by  vulgar  fractions  more  easily  than  by  decimals." 

It  is  in  the  first  place  to  be  observed,  that  if  we  desire  an  en- 
tirely decimal  system,  we  can  have  one  to-day,  and  we  could  and 
would  have  had  one  long  ago,  equally  as  good  as  the  metric 
system,  in  our  own.  Starting  with  the  foot,  and  decimalizing 
upwards  and  downwards  (as  is  in  fact  done  in  surveying),  taking 
the  cubic  foot  as  the  unit  of  capacity,  and  remembering  that  it 
contains  a  hilo-ounce  of  water  (just  as  the  litre  contains  a  Tcih^ 
gramme\  we  have  a  system  possessing  all  the  advantages  of  the 
other,  with  this  added  convenience,  that  we  could  still  have  our 
folding  two-foot  rules,  and  that  the  ounce  is  a  more  rational  size 
for  a  unit  of  weight  than  the  gramme,  which  is  quite  too  small  for 
commercial  uses.  But  we  have  no  need  for  such  a  system ;  it 
would  be  a  millstone  about  our  necks,  as  it  is  of  those  who 
against  their  will  are  forced  to  use  it.     The  accusation  that  we, 
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the  most  practical  of  nations,  have  not  adopted  the  decimal 
system  because  we  are  too  lazy^  or  too  prejudiced,  ridicalons  as 
it  is,  is  sufficiently  answered  by  the  fact  that  in  the  few  cases 
where  we  find  decimal  divisions  most  convenient,  we  invariably 
use  them. 

Take  the  case  of  pore  science.  The  science  of  the  whole  world 
had  adopted  the  metric  system  long  before  they  were  either  com- 
pelled or  permitted  to  do  so  by  law,  and  why  ?  Because,  not 
only  in  science,  more  than  anywhere  else,  it  is  necessary  to  have 
a  universal  system,  no  matter  what,  but  because  in  precise 
measurements  round  numbers  cut  no  figure ;  and  if  the  base  of 
notation  had  been  eleven,  it  would  have  served  equally  well  as  a 
base  for  a  scientific  system.  For  the  same  reason,  namely,  uni- 
Tersality,  the  languages  of  science  are  the  Latin  and  the  Greek ; 
but  does  that  form  a  reason  why  we  should  be  compelled  to  use 
Xiatin  and  Greek  in  common  life,  for  the  sake  of  universality? 

There  is  no  case  where  the  advantages  of  decimals  show  to 
more  advantage  than  in  moneys,  where  the  principal  operation  is 
the  addition  of  long  rows  of  figures.  The  two  great  commercial 
nations  of  antiquity,  the  Greeks  and  Bomans,  both  understood 
the  advantages  of  decimal  coinage,  and  had  systems,  except  in 
the  value  of  the  unit,  identical  with  our  own  ;  yet  though  the 
money  weight  and  commercial  weight  were  the  same,  they  never 
used  its  decimal  divisions  for  the  latter.  But  even  in  coinage  we 
are  accustomed  to  overrate  the  advantages,  and  to  forget  that  the 
English  system  has  counter-advantages  denied  to  our  own,  so  that 
we  are  continually  forced  to  make  approximations.  We  look 
with  so  much  horror  on  the  English  system  of  coinage,  simply 
because  we  are  unaccustomed  to  it;  in  the  same  way  that  the 
English  do  on  ours.  Thus  an  auditor  wrote  Mr.  Herbert 
Spencer:  "I  had  to  go  over  more  than  £20,000  of  accounts 
yesterday,  and  I  was  very  thankful  it  was  not  in  francs."  The 
advantages  of  decimals  are  dependent  entirely  upon  the  existing 
notation  (which  may  some  day  be  changed),  and  not  in  any  way 
upon  the  convenience  of  the  number  ten.  As  an  example  of  the 
awkwardness  of  decimals  in  common  transactions,  we  continu- 
ally see  articles  quoted  at  fifty  cents  or  twenty-five  cents  a  dozen  ; 
where  any  one  desiring  a  single  article  must  pay  five  cents  or  three 
cents  for  it — ^an  awkward  approximation.  So  far  from  the  decimal 
notation  having  acted  to  bring  our  duodecimal  system  of  weights 
and  measures  into  agreement  with  it,  the  tendency  is  entirely 
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the  other  way.  Nothing  is  more  common  than  cloth  at  12^  cents 
a  yard.  We  constantly  find  necessity  for  the  eighth  and  sixteenth 
of  a  dollar  in  retail  trade,  and  in  rural  places  money  is  still 
reckoned  in  12i-cent  "  bitd."  It  is  only  on  comparatively  rare 
occasions  that  we  have  use  for  decimal  parts  of  a  dollar,  or 
'*  dimes " — the  word  is  not  in  use.  In  1821,  according  to  Mr. 
Adams,  it  was  altogether  unknown.  Fifty  cents  is  half  a  dollar — 
never  five  dimes ;  twenty-five  cents  is  a  quarter.  The  ten-cent  ^.nd 
the  fifty-cent  piece  are  the  only  decimal  coins  that  have  ever  been 
issued,  except  the  twenty-cent  piece,  which  was  almost  still-bora 
— nobody  wanted  it.  Similarly  with  the  eagle.  We  have  the 
double-eagle,  the  half-eagle  and  the  quarter-eagle,  but  no  other 
divisions ;  the  eagle  itself  is  not  so  called,  but  ten  dollars ;  and  it 
is  never  used  in  reckoning.  But  take  the  case  of  the  stock  ex- 
change; there,  if  an}rwhere,  it  would  be  thought  that  gradations 
of  price  would  conform  to  the  coinage,  the  tenth  being,  as  to 
size,  as  convenient  as  the  eighth.  But  not  so ;  the  book-keepers 
are  compelled  to  deal  with  half-cents  even,  for  the  sake  of  being 
able  to  obtain  the  sixteenth. 

Our  monetary  system,  then,  is  at  best  only  partially  decimal,, 
in  spite  of  every  inducement  to  the  contrary  ;  in  spite  of  the  lack 
of  the  necessary  coins  for  any  other.  But  how  is  it  with  our 
weights  and  measures  ?  Let  us  inspect  the  numerous  numerical 
relations  which  the  metricists  make  so  much  fun  of ;  they  are  2, 
2J,  2i,  3,  4  5J,  6,  7,  8,  9, 12,  14, 16,  16J,  18,  20,  21,  24,  25,  27,  28, 
30i^,  31^,  40  and  upwards.  Here  are,  indeed,  almost  every  num- 
ber in  the  arithmetical  series,  including  fractions;  but  it  is  a 
remarkable  fact,  that,  with  a  single  exception,*^  the  numbers  five^ 
teuy  fifteen  are  entirely  absent ;  the  number  twenty-five  occurs 
only  as  the  quarter  of  a  hundred.  Is  this  an  accident  ?  It  is  an 
instructive  example  of  the  principle  called  natural  selection,  that 
custom  has  entirely  weeded  out  the  lower  multiples  of  the  incon- 
venient number  five ;  they  once  existed,  and  they  have  given 
place  to  others.  On  the  other  hand,  the  numbers  most  frequently 
occurring  are  2,  3,  4,  6,  8,  12,  16,  20,  24,  which  is  a  sufficient  in- 
dication of  the  direction  in  which  to  look  for  an  acceptable  base 
of  weights  and  measures. 

The  extravagant  views  generally  entertained  as  to  the  advan- 

•*  Ganter's  Chain,  invented  by  an  individual,  used  only  by  surveyors,  and 
now  obsolescent.  Those  who  are  fond  of  nosing  in  rare  and  curious  volumes 
may  have  discovered  another,  the  **  geometrical  pace"  of  5  feet. 


THE  METBIC  VERSUS  THE  DUODECIKAL  SYSTEM.  569 

iages  of  decimals  are  well  illustrated  by  those  expressed  by  Pro- 
fessor De  Moi^an  on  decimal  coinage  in  England.  "  1.  All  compu- 
tations would  be  performed  by  the  same  rules  as  in  the  arithmetic 
of  whole  numbers.  2.  An  extended  multiplication  table  would 
be  a  better  interest  table  than  any  which  has  yet  been  con- 
strncted.  8.  The  application  of  logarithms  would  be  materially 
facilitated,  and  would  become  universal,  as  also  that  of  the  slid- 
ing-rule.  4.  The  number  of  good  commercial  computers  would 
430on  be  many  times  greater  than  at  present.  5.  All  decimal 
tables,  as  those  of  compound  interest,  etc.,  would  be  popular 
tables,  instead  of  being  mathematical  mysteries.  6.  When  the 
decimal  coinage  came  to  be  completely  established,  the  introduc- 
tion of  a  decimal  system  of  weights  and  measures  would  be  yery 
much  facilitated,  and  its  advantages  would  be  seen.'*  ®  We  have 
had  decimal  coinage  in  this  country  a  hundred  years,  and  not  one 
of  these  consequences  has  followed,  nor  are  we  materially  better 
off  in  any  of  these  respects  than  England  is. 

Great  emphasis  is  laid  by  the  metricists  on  the  fact  that  the 
metric  system  dispenses  entirely  with  vulgar  fractions.  That  is  to 
say,  that  while  we  can  use  decimals  under  the  present,  we  must  use 
them  under  the  metric  system.  The  great  and  radical  defect  of 
decimal  fractions  is  that  they  proscribe  the  use  of  eight  out  of  the 
nine  digits  from  any  part  in  the  denominator.  Only  one  can  be 
used,  and  it  can  be  used  only  once  ;  the  rest  of  the  denominator 
must  be  pieced  out  with  ciphers.  This  is  wnz'formity  with  an 
emphasis!  But,  save  to  a  limited  extent  (at  the  most  two 
figures),  no  man  can  think  in  decimal  fractions,  and  the  lai^e 
numbers  which  they  imply.  The  mind  of  man  invariably  reverts 
a  fraction  to  its  lowest  terms  to  gain  a  comprehension  of  it 
Thus  \\  would  be  thought  of  as  j^,  that  is,  as  i  +  ^ ;  3^  be- 
<3omes  I,  and  yVV*  ifrir  fiore  than  three-quarters,  or  nearly  |.  We 
should  have  no  definite  comprehension  of  the  expression  0.125 
did  we  not  know  it  was|;  0.175  has  but  little  meaning,  being 
expressible  no  smaller  than  ^.  Even  0.5  is  thought  of  as  i, 
not  as  ^ ;  the  laborer  does  not  know  what  is  meant  by  the 
latter  expression.  This  accounts  for  the  commonest  of  errors — a 
misplaced  decimal  point.  Arithmetical  operations  in  decimal 
fractions  are  a  mere  mechanical  operation ;  you  do  not  know 
where  you  are  tiU  you  get  through  ;  and  careful  engineers  will 

"  Cited  by  John  Bowring,  LL.D.,  in  People's  Journal,  Vol.  IV.,  p.  45. 
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then  run  over  the  sum  approximately  in  vulgar  fractions  to 
make  sure  they  have  made  no  "  bull "  in  the  decimal  point  Sir 
Frederick  Bramwell,  before  the  Institution  of  Civil  Engineers, 
gave  some  good  examples  of  the  superiority  of  vulgar  fractions 
over  decimals  for  mental  operations  (and  that  is  what,  in  the  last 
resort,  all  operations  4n  numbers  come  to).  ^  Which  of  those 
present,"  he  asked,  "could  square  4126?  That  to  the  majority 
would  be  almost  impossible,  but  with  4|  there  was  no  difficulty. 
17Vt  compared  with  17.015625." 

As  to  examples  done  on  paper,  enough  have  been  printed  by 
metricists  to  fill  many  pagea  A  single  example  will  suffice. 
Ab  una  disce  omnes.  Mr.  Arthur  Hamilton-Smythe,  in  his  lec- 
ture before  the  Institution  of  Civil  Engineers  in  1885,  gave  the 
following: 

To  find  the  weight  of  water  in  a  tank  measuring  : 

10'  6' 


y  X  6'  2 "  X  1'  1"  ;                or,         8.20  m.  x  1.88  m.  x  0.83  m. 

10.5 

3.2 

6.17 

1.88 

7S5 

256 

105 

256 

680 

32 

64.785 

6.016 

1.083 

0.33 

194355 

18046 

518280 

18048 

647850 

1.98528  tonne. 

4)70162.155 

4)17540.538 

4)4385.134 

7)1096.283 

4)156.611 

20)39.152 

1.957  ton. 

"  To  effect  the  calculation,"  said  Mr.  Hamilton-Smythe,  "  with 
British  measures  by  the  shortest  way  required  94  figures.  It  was 
done  accurately  in  metric  measures  with  35  figures."  To  which 
Sir  Frederick  Bramwell  replied  :  "  Assume  for  the  moment  the 
difference  in  the  length  of  the  two  calculations  existed,  what  did 
it  prove  in  regard  to  the  general  question  ?  Nothing  whatever. 
To  what  did  it  apply?  To  fresh  water  at  a  particular  tempera- 
ture,  and  to  nothing  else.  .  .  .  But  who  but  one  whose  mind 
was  warped  by  the  metric  system  would  have  thought  of  turning 
inches  into  decimals  of  feet  prior  to  calculation  ?  Would  not  any 
one  else  have  worked  the  sum  thus : 
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10  6 

6  a 

63  0 
1  9 

64  9 
1  1 

64  9 

5  4    9 


70    1    9 


There,  in  25  figures,  was  the  answer  as  regarded  the  onbio  con- 
tents, while  the  metric  system,  to  reach  the  same  point,  had 
needed  35  figures.'*  For  still  more  instmctiye,  as  well  as  more 
practical,  examples,  I  refer  to  the  admirable  paper  of  Dr.  Cole- 
man Sellers  before  this  Society  at  its  first  annual  meeting. 

The  advantages  of  decimal  fractions  are  well  set  forth  by  Mr. 
Herbert  Spencer,  in  the  paper  above  mentioned,  in  the  form  of  a 
dialogue,  thus: 

^*  *  Are  we  in  all  weights,  all  meaaures  of  length,  all  areas  and  Tolames,  to 
have  no  quarters  ?  * 

**  *  Quarters  can  always  be  marked  as  .25.' 

'* '  So  that  in  our  trading  transactions  of  eyerj  kjnd  we  are  to  make  this 
familiar  quantitj — a  quarter,  by  taking  two-tenths  and  five-hundredtbsY  But 
now  let  me  ask  a  farther  question — What  about  thirds?  In  our  daily  life 
division  by  three  often  occurs.  .  .  .  Continually  thirds  are  wanted.  How 
do  you  arrange  ?    Three  threes  do  not  make  ten.' 

** '  We  cannot  make  a  complete  third.' 

"  *  You  mean  we  must  use  a  makechift  third,  as  a  makeshift  quarter  is  to  be  used?' 

** '  No ;  unfortunately  that  cannot  be  done.     We  signify  a  third  by  .8338,  etc.' 

'* '  That  is  to  say,  you  make  a  third  by  taking  three  tenths,  plu$  three  huo- 
dredtbs,  plus  three  thousandths,  plu%  three  ten-thousandths,  and  so  on  to 
infinity  ! '  " 

No  nation  has  ever  really  adopted  a  decimal  system.  No  nation 
will  use  it.  Not  the  most  stringent  laws  will  compel  men  to  think 
iu  decimals,  or  so  to  express  themselves.  In  all  metric  countries 
vulgar  fractions  are  just  as  common  as  elsewhere.  It  is  even 
mentioned  as  an  advantage,  instead  of  to  the  everlasting  detri- 
ment of  the  metric  system,  that  the  governments  of  France, 
Gtermany,  etc.,  are  compelled  by  sheer  impotence  to  allow  the 
use,  not  only  of  quarters  and  eighths,  but  of  sixteenths,  thirty- 
seconds  and  even  sixty-fourths  of  their  units ;  the  other  govern- 
ments do  not  allow  them,  in  truth,  but  they  are  those  where  the 
vast  bulk  of  the  people  in  the  interior  have  never  even  heard 
either  of  the  metric  system  or  of  decimal  divisions. 

On  no  point  of  the  subject  is  John  Quincy  Adams  bo  emphatic 
as  on  that  of  decimal  divisions.     His  four  years  of  deliberation 
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led  him  to  conclusions  perfectly  definite  ;  and  once  more  I  can  do 
no  better  than  to  repeat  the  words  of  that  immortal  production : 

"From  the  verdict  of  experience,  therefore,  it  is  doubtful 
whether  the  advantage  to  be  obtained  by  any  attempt  to  apply 
decimal  arithmetic  to  weights  and  measures,  would  ever  compen- 
sate for  the  increase  of  diversity  which  is  the  unavoidable  conse- 
quence of  change.  Decimal  arithmetic  is  a  contrivance  of  man  for 
computing  numbers ;  and  not  a  property  of  time,  space,  or  matter. 
Nature  has  no  partialities  for  the  nuiriber  ten  :  and  the  attempt  to 
shackle  het*  freedom  with  them  wiU  forever  prove  abortive^    .    .    . 

"  The  metre,  very  suitable  for  a  staff,  or  for  measuring  any  por- 
tion of  the  earth,  has  not  the  property  of  being  portable  about  the 
person  :  and  for  all  professions  concerned  in  ship  or  house  build- 
ing, and  for  all  who  have  occasion  to  use  mathematical  instru- 
ments, it  is  quite  unsuitable.  .  .  This  inconvenience,  great  in 
itself,  is  made  irreparable  when  combined  with  the  exclusive  prin- 
ciple of  decimal  divisions.  The  union  of  the  metre,  and  of  decimal 
arithmetic,  rejected  all  compromise  with  the  foot.  There  was  no 
legitimate  extension  of  matter  intermediate  between  the  ell  and 
the  palm,  between  forty  inches  and  four.  This  decimal  despotism 
was  found  too  arbitrary  for  endurance ;  not  only  the  foot,  but  its 
duodecimal  divisions,  were  found  to  be  no  arbitrary  or  capricious 
institutions,  but  founded  in  the  nature  of  the  relations  between 
man  and  things.  The  duodecimal  division  gives  aliquot  parts  of 
the  unit,  of  two,  three,  four  and  six.  By  giving  the  third  and 
fourth,  it  indirectly  gives  the  eighth  and  sixteenth,  and  gives 
facility  for  ascertaining  the  ninth,  or  third  of  the  third.  Decimal 
division,  in  giving  the  half,  does  not  even  give  the  quarter,  but  by 
multiplication  of  the  subdivisions.  It  is  incommensurable  with 
the  thirdy  which  unfortunately  happened  to  be  the  foot,  the  uni- 
versal standard  unit  of  the  old  metrology."     .     .     . 

"The  opinion  has  been  expressed  .  .  .  that  the  French 
system,  admirable  as  it  is,  looked,  in  its  composition,  to  weights 
and  measures,  more  as  exclusively  matters  of  account,  than  as 
tests  of  quantity ;  that  in  its  eagerness  for  extreme  accuracy  in 
the  relations  between  things,  it  lost  sight  a  little  of  the  relations 
of  weights  and  measures  with  the  physical  or^^anization,  the 
wants,  comforts  and  occupations  of  man ;  that  in  its  exclusive 
partialities  for  decimal  arithmetic,  it  forgot  the  inflexible  indepen- 
dence and  the  innumerable  varieties  of  the  forms  of  nature,  and 
that  she  would  not  submit  to  be  trammeled  for  the  convenience  of 
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the  connting-hoase.  The  experience  of  the  French  nation  nnder 
the  new  system  has  ahready  proved,  that  neither  the  immutable 
standard  from  the  circumference  of  the  globe,  nor  the  isochronous 
vibration  of  the  pendulum,  nor  the  gravity  of  distilled  \Yater  at  its 
maximum  of  density,  nor  the  decimation  of  weights,  measures, 
moneys  and  coins,  nor  the  unity  of  weight  and  measure  of 
capacity,  nor  yet  all  these  together,  are  the  only  ingredients  of 
practiced  uniformity  for  a  system  of  weights  and  measures.  It 
has  proved,  that  gravity  and  extension  will  not  walk  together  with 
the  same  staff ;  that  neither  the  sqtuirey  nor  the  cube,  nor  the  ctrde, 
nor  the  sphere^  nor  the  revolutiofis  of  the  earth,  nor  the  harmonies 
of  the  heavensy  vnU,  to  gratify  the  pleasure,  or  to  indulge  the  indo- 
lence qfynauy  be  restricted  to  computation  by  decijnal  numbers  alone '^ 
An  argument  closely  connected  with  the  ^former  is  the  simpli- 
city of  the  metric  system  ;  and  it  may  be  remarked,  that  this  sys- 
tem is  so  very  simple  that  no  one  can  have  any  excuse  for  not 
being  acquainted  with  it,  more  especially  as  it  has  been  taught 
in  our  schools  for  thirty  years ;  therefore  it  is  denied  the  plea 
of  ignorant  prejudice  against  it.  No  one  can  very  well  oppose 
it  without  knowing  exactly  what  it  is  he  is  opposing.  But  its 
advocates  are  chiefly  fond  of  urging  that  it  will  save  so  much  time 
in  the  schools.  The  time  spent  by  the  average  schoolboy  on 
vulgar  fractions  and  on  tables  is  variously  estimated  as  from  two 
years  to  the  best  part®  of  the  whole  period  of  mathematical 
instruction.  Without  stopping  for  a  reply  to  Dr.  SeUers'  ques- 
tion, of  "  how  many  years  are  now  devoted  to  mathematics  only, 
in  the  average  four  years*  schooling  of  the  mass  of  our  boys, 
and  what  is  to  be  lopped  off  to  make  this  saving,"  let  me  ask 
whether  any  educator  really  thinks  that  by  any  such  hocus-pocus 
he  can,  in  the  face  of  their  universal  use,  dispense  with  vulgar 
fractions  ?  No !  though  he  should  keep  them  under  lock  and  key 
from  his  pupils,  they  would  arrive  at  them  as  inevitably  as  they 
arrive  at  the  processes  of  their  own  nature.  Not  that  they 
would  understand  their  use  so  well,  or  be  so  apt  for  the  processes 
of  civilized  life,  as  if  they  had  studied  them ;  but  the  knowledge 
of  them,  and  of  the  weights  and  measures  in  established  use, 
is,  as  says  John  Quincy  Adams,  "  among  the  first  elements  of 
education,  and  is  often  learnt  by  those  who  learn  nothing   else, 

••  Professor  De  Morgan  before  the  Parliamentary  Committee  of  1858  said  that 
the  introdaction  of  decimal  coinage  would  diminish  the  labor  of  teaching  and 
computation  by  one-half,  and  in  pome  cases  four-fifths. 
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not  eYen  to  read  and  write."  Bat  perhaps  the  facts  are  better 
expressed  by  a  celebrated  educator,  Professor  Charles  Davies, 
who,  as  the  author  of  a  score  of  mathematical  text-books,  may  be 
supposed  to  speak  with  some  authority : — 

''  Every  teacher  knows  that  the  first  step  in  a  course  of  arith- 
metical instruction  is  to  impress  the  pupil  with  a  distinct  and  full 
apprehension  of  the  unit  of  number,  whether  that  unit  be  ab- 
stract or  denominate.  .  .  .  But  the  apprehension  becomes 
dim  as  the  numbers  grow  large ;  and  yoang  minds,  in  computa- 
tion, must  be  trained  in  small  numbers.  ...  In  regard  to 
the  simple  use  of  the  decimal  scale,  we  have  already  shown  that 
in  most  of  the  weights  and  measures  each  unit  has  a  half  and 
a  double,  where,  of  course,  the  scale  of  connection  is  two  and 
not  ten ;  and  this  hairing  been  adopted  from  necessity,  after  the 
adoption  of  the  system  itself,  one-half  of  the  units  in  common  use 
are  not  in  the  tables  at  all — ^so  that  the  pupil,  after  having 
learned  his  table-book  at  school,  has  a  new  set  of  units  to  learn 
in  practical  life." 

And  then  there  is  the  pet  argument  of  the  theorists — the  scien- 
ii/ic  nomenclature — a  fit  subject  for  ridicule ;  an  "  array  of  galvan- 
ized corpses  "  (as  some  one  has  called  them)  formed  from  roots 
of  dead  langui^es  dug  up  out  of  the  dust  of  antiquity  and  fitted 
together  like  so  many  Frankensteins.  So  preposterous,  indeed, 
that,  with  the  exception  of  France,  not  a  single  European  nation 
has  accepted  them,  in  the  proper  meaning  of  that  word.  Many 
have  not  even  made  the  attempt,  but  have  immediately  applied 
the  old  names  to  the  new  things  (and  yet  are  called  "metric 
countries  ").  Why  ?  Because  *'  to  the  common  mind  they  are 
like  a  party  of  foreigners  in  uniform  ;  they  all  look  and  jabber 
alike."     Here  is  what ''  metrical  coinage  "  would  be  like : 

10  millidollars  make 1  centidollar. 

10  centidoUars  "  1  decidoUar. 

10  decldollars  "  1  dollar. 

10  dollar.-*  **  1  decadollar. 

10  decadollars  **  1  liectodollar. 

10  hectodoUars     *'  1  kilodoUar. 

10  kiiodollars  **  1  myriadollar.*^ 

Eidicnlous  and  absurd  as  this  table  appears,  with  its  multi- 
plicity of  words,  syllables  and  denominations,  it  is  in  reality  no 
more   so  than   the   actual   metric  tables,  with  their  superadded 

^  Saml.  Barnett  in  Popular  Science  Monthly/,  May,  1878,  p.  82.  See  aldo  an 
able  article  by  H.  T.  White,  in  ^eu>  Englander.  September,  1879,  to  which  I  am 
indebted  for  many  saggestions. 
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jingle  of  met/re  and  litre^  of  are  and  stere^  and  so  on.  What  hope 
could  they  have  that  the  poor  man,  in  making  his  little  pnrohases, 
would  ever  be  brought — under  penal  legislation,  too  (as  Sir 
Frederick  Bramwell  says) — to  distinguish  between  myriametre 
and  miUilitre^  between  declare  and  decastere?  How  could  they 
expect  that  the  busy  merchant  would  ever  be  induced  to  clog  his 
tongue  and  his  books  with  such  things,  and  to  introduce  the 
infinite  errors  which  their  similarity,  almost  to  a  letter  in  some 
cases,  would  infallibly  bring  with  them  ?  If  ever  a  lecture  was 
needed  on  the  harmony  of  theory  and  practice,  not  in  mechanics, 
indeed,  but  in  the  commonest  affairs  of  Ufe,  it  is  needed  to-day ; 
and  Bankine,  with  his  characteristic  spirit,  appears  never  to  have 
regarded  the  scheme  seriously.*^ 

They  did  not  really  hope  or  expect  these  things ;  for,  the  fact 
is,  that  they  had  never  thought  of  them.  They  did  just  the  way 
men  always  do,  when  called  upon  to  act;  and  being  all  pure 
scientists,  they  built  a  system  which  was  fitted  to  their  own  pro- 
fession, and  no  other.  In  pure  science,  where  time  is  no  object, 
and  precision  the  highest  virtue,  the  array  of  ciphers  and  syllables 
embodied  in  the  metric  system  is  never  thought  of  as  a  defect.  To 
the  zoologist,  it  is  as  easy  to  say  CanisfamUiaris  as  to  say  dog^  hundy 
chien;  but  that  they  should  expect  the  people, — by  whose  labor 
scientific  institutions  are  supported, — for  the  sake  of  international 
uniformity  and  exactness  of  definition  to  follow  the  same  course 
— no,  they  are  permitted  to  recommend,  but  never  to  compel. 

This  scientific  nomenclature  has  become  a  kind  of  boomerang 
to  the  metricists.  They  are  more  often  called  on  to  speak  in  its 
defence,  than  to  use  it  as  an  argument.  They  say  the  old  terms 
can  be  made  just  as  much  fun  of  as  the  new.  That  the  former 
have  imperfections,  we  all  admit ; — ^they  are  those  iiiherent  in  the 
human  specie&  That  they  are  often  ambiguous  and  many- 
meaning,  is  true;  but  their  brevity  and  directness  stand  out 
as  a  transcendent  superiority.  Then  we  are  told  that,  in  common 
acceptation  of  the  metric  terms,  "  they  will  obtain  popular  abbre- 
viations." But  of  what  abbreviation  are  they  capable?  Such 
abbreviations,  if  they  could  be  made,  would  result  in  an  infinitely 
worse  confusion  than  at  present.  Words  which  differ  from  each 
other  by  a  single  letter,  or  the  sound  of  a  syllable, — what  can  be 

••  Rankine's  dissertation  *'  On  the  Harmony  of  Theory  and  Practice  in  Mechan- 
ics "  is  published  as  an  introduction  to  his  Applied  Mechanics  ;  he  a)m>  wrote  a 
funny  poem  on  the  metric  system,  "  The  Song  of  the  Three  Foot  Role." 


566  THE  METRIC   VERSUS  THE  DUODECIMAL  SYSTEM. 

done  to  distiDguisfa  them,  already  scarcely  distingaishable  ?  The 
ingenuity  of  all  France,  and  of  the  world,  has  as  yet  discovered 
but  one  abbreviation,  the  word  kUo  being  appropriated  to  mean 
kilogramme,  and  thereby  excluded  from  kilometre,  kilolitre,  and 
all  the  others.  To  foist  upon  us  this  nomenclature,  and  then  tell 
us,  if  it  was  too  long,  to  abbreviate  it  —  this  would  indeed  be 
mockery.  And  then,  finally,  we  hear  (the  only  course  which 
remains)  recommended  to  us,  that  we  can  use  the  old  names 
and  apply  them  to  the  new  values.  The  answer,  which  it  is 
scarcely  necessary  to  make,  is  given  by  the  author  himself  in  the 
next  sentence,  that  "  the  Dutch  tried  this,  but  it  led  to  so  much 
confusion  that  the  French  names  were  eventually  adopted."  ••  This 
is  a  last  and  desperate  stand  on  the  part  of  the  metricists ;  for  it 
involves  the  abandonment  of  an  integral  part  of  the  system  itself. 
I  need  hardly  adduce  any  further  arguments  as  to  the  abstract 
merits  of  the  metric  system.  It  is  to-day  admitted,  by  its  can- 
did advocates,  that  it  has  defects.  It  is  admitted  that  it  is 
imperfect.  But  upon  the  mass  of  people  *'  little  effect  will  be 
produced  by  showing  that,  if  the  metric  scheme  should  be 
established  universally,  myriads  of  transactions  every  day  will 
for  untold  thousands  of  years  be  impeded  by  a  very  imper- 
fect system."  ^  No,  they  look  only  to  immediate  results  (while 
claiming  the  opposite),  for  they  say,  we  must  have  an  interna- 
tional system,  and  we  must  have  it  now,  whatever  it  is,  and 
whether  the  metric  system  be  a  good  one  or  not,  it  is  the  ordy 
one  which  has  any  chance  of  becoming  universal,  in  fact  it  is 
quite  evident  that  it  is  becoming  universal ;  we  cannot  stem  the 
tide,  we  are  losing  our  credit  among  the  nations,  we  cannot 
please  our  customers,  we  will  have  to  make  the  change  in  the 
end,  and  we  had  consequently  better  make  up  our  minds  to  take 
the  dose,  first  as  last.  As  regards  Great  Britain  and  the  United 
States,  they  tell  us  on  this  side  that  "  Great  Britain  has  given 
decisive  indications  of  a  disposition  to  become  metric  also,"  ^ 
and  if  we  don't  bestir  ourselves,  we  shall  be  the  last  to  aid  in  the 
good  work ;  while  in  Great  Britain  they  say  the  same  things  of 
the  United  States.  Then  they  present  their  long  and  portentous 
list  of  countries,  to  show  us  how,  as  a  matter  of  fact,  we  are  "  out 
in  the  cold  "  now.     Then  they  present  maps  showing  (as  did  Mr. 

••  J.  E.  Dowson,  in  Jour.  Soc.  Arts,  February  6,  1891. 

•'  Herbert  Spencer,  loc.  eit. 

••  F.  A.  P.  Barnard,  before  University  Convocation  of  State  of  New  York.  1871. 
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Hamilton-Smythe  in  the  paper  previously  referred  to)  the  area  of 
the  metric  coon  tries,  colored  black  for  distinction.  The  map 
inclndes  all  of  central  and  western  Europe,  the  minute  British 
Isles,  and  just  enough  of  Russia  to  show  the  black  extending  to 
the  borders  of  the  White  Sea.  A  map  of  America  would,  of 
course,  be  wholly  black,  from  Tierra  del  Fnego  to  the  Bio  Grande. 
A  map  of  Africa  would  include  all  the  civilized  portions,  Algeria, 
Senegambia,  Egypt  to  the  Victoria  Nyanza  and  the  whole  of  the 
Congo  Free  State  up  to  the  unknown  sources  of  that  great  river. 
The  map  of  Asia — but  Asia  is  wholly  uncivilized,  and  besides, 
Japan  is  on  the  point  of  adopting  the  metric  system.  Several  of 
the  islands  of  Oceanica  have  already  adopted  it.  And  then, 
finally,  they  present  tables — tables  of  population  and  commerce — 
showing  how  in  reality  far  the  larger  part  of  our  commerce  is  with 
metric  countries.  Merely  pausing  to  note  the  fact  that  these  two 
arguments  are  mutually  destructive,  viz.,  that  we  are  losing  our 
trade  and  that  most  of  it  is  with  metric  countries^  let  us  pass  on  to 
examine  these  statements  a  little  for  ourselves.  Passing  by  the 
first,  which  is  irrelevant,  with  the  remark  that  the  area  of  the 
British  possessions  alone  is  greater  than  that  of  all  the  metric 
countries  combined,  being  oue-fifth  of  the  habitable  globe,  let  us 
look  at  the  statements  as  regards  population.  Here  is  what  I 
gather  from  the  Commercial  Year  Book  for  1896,  published  by  the 
Ifew  York  Journal  of  Comm^erce  : 

Population  in  Millions. •• 
Metric.  Non-metric. 

Oeimany 49.428 

Anstro-il  angary 41.285 

France 88.348 

Turkey  (Including  Egypt) 82.212 

Italy 80.947 

Spain 17.545 

Brazil 14.00-3 

Mexico 1 1 .  638 

Scandinavia 6 .  786 


China 406.000 

British  India 221.172 

Russia    117.562 

United  States 62.832 

Japan 40 .  458 

United  Kiufirdom 87.879 

Philippine  Islands 7.450 

West  Indies 6.529 

Canada 4.883 

Belgium 6.069  i  British  Australasia 8.810 

Netherlands 4.511'  Denmark 2.172 

Portugal 4.807 'British  Africa 1.150 


Argentina 

U.S.Colombia 

.   ..       4.267 

8.879 

2.918 

2.915 

2.678 

2.824 

] . 708 

Newfoundland  and  Labrador. 
Total 

0.202 
.  911.044 

Switzerland 

Chili 

Peru 

Venezuela    

Central  America 

Ecuador 

Uruguay 

Total 

1  270 

0.728 

279.785 

•*  These  data  are  for  about  the  year  1890,  ar.d  of  course  approximate  only. 
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That  is  to  saj,  tbe  population  of  the  United  States  and  British 
possessions  cUone  is  greater  than  that  of  all  metric  countries  com- 
hined.  But  how  is  it  with  commerce  ?  Here  is  the  commerce  of 
the  United  States  in  tabnlar  form,  from  the  same  source : 

COMHERCB  OF  THE  UNITED  STATES  IN  1885 — MILLIONS  OF  DoLLABS.'* 


Metric. 

Germany 178.065 

France 106.695 

Brazil 93.996 

Netherlands 46.199 

Italy 87.128 

Belgium 85.510 

Mexico 80.635 

Central  America 18. 210 

Switzerland 16.001 

Spain    14.494 

Venezuela 13.814 

Airgentina 12.131 

Dutch  East  Indies 8.882 

Aostro-Hungary 8  638 

Hayti 7.840 

Chili 7.257 

Scandinavia 7.166 

U.  8.  of  Colombia 6.810 

Turkev 6.276 

Portugal 4.660 

Uruguay 8 .  962 

Egypt 8.857 

Ecuador 1.557 

Peru 1.103 

French  Africa 0.611 

Greece 0  566 

664.468 


Non-metrie, 

United  Kingdom 646.291 

West  IndieH 92.761 

Canada 89 .  429 

Japan 28.818 

China 24.148 

British  IndU 24.143 

British  Australasia 18.736 

Hawaii 11.609 

Russia 10.179 

British  Africa 5.976 

British  and  Dutch  Guiana 5.437 

Honff  Kong 4.934 

Philippine  iBlands 4.850 

Denmark 8.821 

All  other  British  Possessions. .  2.329 

Newfouudland  and  Labrador. .  1 . 559 

Canary  Islands 0.281 

Greenland,  Iceland,  etc 0.127 

869.927 


That  is,  our  trade  with  the  British  possessions  alone ^  as  before, 
is  greater  than  that  with  all  other  metric  countries  combined. 
But  Central  America,  Spain,  Venezuela,  Dutch  East  Indies, 
Chili,  Colombia,  Uruguay,  Egypt  and  Peru  are  metric  countries 
either  only  in  name,  or  only  for  some  special  purpose  (as  cus- 
toms, postage),  and  their  trade  amounts  to  78  millions ;  putting 
these  on  the  other  side  we  have  587  millions  as  against  948 
millions,  so  that,  in  fact,  our  commerce  with  non-metric  countries 
is  nearly  two-thirds  greater  than  with  the  metric. 

But  how  is  it  with  the  commerce  of  the  world  ?  Here,  I  must 
say,  owing  to  the  lax  methods  of  some  foreign  (particularly  metric) 
custom-houses,  no  sufficiently  reliable  data  are  to  be  obtained. 
Nevertheless,  we  can  sufficiently  judge  as  to  the  leading  com- 
mercial nations,  and  the  amount  of  their   precedence,  by  the 


'  Compiled  by  addition  of  exports  and  fmportfl. 
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development  of  the  two  leading  agents  of  commerce,  by  sea  and 
by  land,  that  is,  shipping  and  railways;  and  this  is  what  the 
Commercial  Year  Book  says  abont  the  carrying  trade  of  the 
world : 


The  Mercantile  Navies— Nominal  Tonnage. 


1840. 

British 8,810,000 

Other  flags 6,070,000 


9,380,000 


1892. 

10,280,000 
12,670,000 

22,900.000 


Iiicrea«e. 
Per  cent. 

210 

108 

144 


Cabbtinq  Power— Tons. 

British.  Other  Flags. 

1840 8,590,000  6,890,000 

1892  27,720,000      21,120,000 


Per  cent. 
British. 

84.1 

56.6 


Railways — Millions  of  Tons  Carried  100  Miles. 


United  States 845 

Germany 186 

United  Kingdom 94 


Frhnce 70 

Austria. 42 

Hnssia 40 


Belgiam 15 

Italy 12 

World 1.848 


"  Here  we  see  that  the  United  States  railways  do  two-thirds  of 
the  goods  traffic  on  all  the  railways  of  the  worlds  although  in  point 
of  length  they  only  stand  for  one-third  of  the  total ; "  while  at 
the  same  time  the  tonnage  of  Great  Britain  has  increased  from 
one-third  to  more  than  one-half  that  of  all  other  countries,  since 
the  metric  system  first  began  to  be  adopted.  If  there  is  any 
thing  as  regards  the  metric  system  which  is  conclusively  proved 
hyfactSy  it  is  this :  that  instead  of  injuring  the  trade  of  the  non- 
metric  countries,  it  has  proved  a  veritable  Jonah  to  the  metric. 
Bound  hand  and  foot  with  decimal  divisions,  they  have  been 
unable  to  keep  pace  with  the  Saxon,  and  are  already  lagging  far 
in  the  rear. 

Yet,  in  spite  of  all  thisy  in  spite  of  utter  lack  of  evidence, — not 
to  say  the  plainest  evidence  to  the  contrary, — we  are  constantly 
being  told  that  *'  its  beautifully  simple  units  of  measure  and  their 
inter-relations  are  as  wings  which  have  enabled  it  to  outstrip 
those  that  persist  in  carrying  the  dead  weight  of  an  unscientific 
and  hopelessly  bad  system  of  metrology,''  ^ 

"T.  C.  Mendenhall,  TranMctioM  J.  S.  C,  E.,  Vol.  XXX.  (October, 
120.     (Italics  mine.) 
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But  this  progress  of  the  metric  system, — ^what  is  it?  It  seems 
to  me  a  queerly  backhanded  sort  of  progress.  It  seems  to  have 
beguD  at  the  wrong  end.  Who  first  adopted  it,  after  France  ? 
Why,  Greece, — a  little  kingdom  in  southern  Europe  of  which  we 
seldom  hear.  I  will  not  here  speak  of  the  intellectual  develop- 
ment there,  but  refer  my  readers  to  the  writings  of  Lord  Byron,^- 
who  had  some  transactions  with  that  country.  And  what  one 
next?  Why,  Chili — followed  by  Spain  and  Portugal.  Passing 
over  the  first,  how  many  of  us  have  ever  seen  a  Spanish  or  Portu- 
guese work  on  engineering  or  science  ?  Will  those  who  have  in- 
form us  what  they  thought  of  it,  and  how  it  compares  with .  our 
own?  We  see  the  French,  German,  Italian,  Swedish  works  in 
abundance,  and  even  Bussian  and  Austrian  are  not  wanting. 
But  I  have  on  several  occasions  tried  to  find  a  Spanish  work,  and 
have  each  time  been  told  that  there  was  nothing.  Are  these  the 
countries  whose  lead  we  wish  to  follow  ?  What  are  the  general 
ideas  w^  obtain  as  to  the  state  of  popular  education  in  those 
countries  f  Some  one  who  has  been  in  Portugal  called  it  "that 
purple  land,  where  law  secures  not  life."  But  I  pass  on.  The 
next  countries  are  a  whole  series  from  South  America, — one  after 
another,-^countr)es  whose  normal  state  seems  to  be  one  of  revo- 
lution. It  would  be  a  good  deal  to  say  that  any  decision  in  those 
countries  was  "irrevocable."  Who  made  the  decision?  Was  it 
the  people  ?  No — not  even  the  legislative  body  in  most  cases,  but 
the  military  dictator  who  happened  for  the  nonce  to  be  in  control 
of  affairs.  His  decision  was  published  in  the  form  of  a  "  decree  '* 
(so  much  for  a  republic),  and  may  be  revoked  in  the  same  manner 
by  any  of  his  successors — nay,  almost  certainly  will  be,  as  soon 
as  it  becomes  evident  that  they  have  done  a  foolish  thing,  and 
cannot  frighten  the  race  which  dictates  its  own  terms  to  the  rest 
of  the  world  into  plunging  after  them.  It  would  be  a  fine  thing 
for  them,  no  doubt,  to  refuse  to  admit  the  inch  and  pound,  who 
are  dependent  for  any  hope  of  improvement  upon  English  capital 
and  American  enterprise.  It  is  not  too  late  for  the  decision  to 
be  revoked,  for  most  of  the  people  have  not  as  yet  beard  of  it,  or 
have  forgotten. 

^^  See  his  Notes  to  Childe  Harold,  Canto  II. ,  where  he  has  given  an  extensive 
description,  with  examples.  "A  Greek  most  not  write  on  politics,  and  cannot 
touch  on  science  for  want  of  instruction ;  if  he  doubts,  be  is  excommunicated 
and  damned  ;  •  .  .  and  as  to  morale,  thauks  to  the  Turks  !  there  are  no  such 
things." 


THE  MBTRIC  VERSUS  THE  DUODECIMAL  SYSTEM.  671 

Tarkey^  is  one  of  the  countries  on  the  list,  as  also  Egypt. 
Turkey — that  yanguard  of  civilization — was  flattered  into  this 
move  by  the  present  of  a  standard  metre  from  the  other  nations. 
I  should  be  curious  to  know  how  much  attention  is  paid  to  the 
order  of  the  Sultan  in  Egypt  by  the  numerous  British  inhabitants 
now  there,  and  whether  they  all  use  the  metre  and  kilogramme. 
But  that  those  despised  feUahin^  who  form  the  bulk  of  the  popu- 
lation, and  whose  ancestors  have  lived  and  died  on  the  banks  of 
the  Nile,  unchanged  in  habits,  customs  and  utensils  for  unnum- 
bered centuries  (as  Miss  Edwards  says) — that  they  should,  by  an 
order  of  the  Sultan,  abandon  their  cubit  and  their  inch — I  would 
as  soon  believe  that  they  had  changed  their  mode  of  progression 
from  their  feet  to  their  head,  as  that  one  in  ten  thousand  of  them 
even  knew  what  a  metre  was. 

And  so  on  through  the  list.  Then  come,  lagging  along  at  the 
end,  Germany,  Austria, — which  we  are  accustomed  to  consider 
among  the  most  advanced  of  nations ;  Germany  is  first  on  the  list 
of  our  trade  with  metric  nations, — and  last  of  all  (with  an  unim- 
portant exception),  Scandinavia,  once  mistress  of  half  Europe, 
and  which  produced  the  great  Linnaeus,''^  and  many  illustrious 
men.  Our  own  race,  which  we  are  accustomed  to  consider  the 
most  advanced  of  all,  is  as  yet  deb'nquent. 

It  is  a  matter  of  astonishment  to  the  metricists  themselves — as  is 
easily  seen  by  their  writings  "^ — that  thirty  years,  or  rather  a  hun- 
dred, of  the  metric  system,  have  not,  even  in  this  most  practical  of 
countries,  produced  the  smallest  effect  in  the  way  of  its  introduc- 
tion. They  are  almost,  in  some  cases,  at  a  loss  to  account  for  it. 
It  never  occurs  to  them  that  it  is  the  fault  of  the  system,  and 
not  of  the  people.  But  these  benevolent  philosophers,  having 
brought  their  horse  to  water,  and  finding  that  he  will  not  drink, 

'*  The  last  report  of  the  House  Committee  on  Coinage,  etc.  (H.  R.  No.  795, 
54th  CuDg.,  1st  session),  admits  that  in  Turkey  ''the  law,  while  obligatory  in 
measurement  of  cereals  and  use  of  weights,  is  not  od forced."  If  it  had  put  75 
per  cent,  of  the  other  laws  in  the  same  category,  it  would  have  been  that  much 
nearer  right. 

'*  It  is  LinnsBus,  it  seems,  not  Celsius,  to  whom  we  are  indebted  for  the  centi- 
grade or  "metric"  thermometer.     (R.  H.  Scott,  Meteorology ^  p.  49.) 

**  I  cite  one  iuHtance.  "  Returning  home,  less  than  five  years  ago,"  said  Prof. 
B.  A.  Gould  in  1890,  "  it  was  with  the  expectation  of  finding  tlie  metric  weights 
and  measures  in  general  use ;  .  .  .  how  great  was  my  disappointment  at 
finding  the  usages  of  our  rx)mmunity  scarcely  more  advanced  than  they  had  been 
fifteen  years  before."    (J.  Asm.  Eng.  8oc.,  Vol.  IX.,  p.  284.) 
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propose  to  make  him.  Their  reasoning  is  somewhat  as  follows : 
"  We  know  .  .  .  that  in  all  parts  of  the  world  communities 
do  not  always  comprehend  their  true  interests,  and  it  has  there- 
fore been  found  necessary  sometimes,  to  enforce  laws  by  which 
to  guide  them  into  prosperity."  '*  The  result  is  thus  stated  by 
Mr.  Herbert  Spencer :  "  There  lies  before  me  an  imposing  list  of 
the  countries  that  have  followed  the  lead  of  France.    It  is  headed 

*  Progress  of  the  Metric  System.'    It  might  fitly  have  been  headed 

*  Progress  of  Bureaucratic  Coercion.'  When,  fifty  years  after  its 
nomiual  establishment  in  France,  the  metric  system  was  made 
compulsory,  it  was  not  because  those  who  had  to  measure  out 
commodities  to  customers  wished  to  use  it,  but  because  the  Gov- 
ernment commanded  them  to  do  so  ;  and  when  it  was  adopted  in 
Germany  under  the  Bismarckian  regime^  we  may  be  sure  that  the 
opinions  of  shop-keepers  were  not  asked.  Similarly  elsewhere. 
Its  adoption  has  resulted  from  the  official  will  and  not  from  the 
popular  will.  I  venture  to  say  that  in  no  case  has  the  retail 
trader  been  consulted." 

But  have  they  adopted  the  metric  system?  Let  us  see.  I 
again  take  up  the  Commercial  Year  Booh  for  1896,  and  looking 
under  Weights  and  Measures,  this  is  what  I  find : 

''  Auttria  :  1728  punkte  =  144  linien  =  etc.  .  .  .  The  measures  differ  in 
some  parts. 

*'  Egypt :  the  common  cubit.  .  .  .  The  weights  and  measures  vary,  how- 
ever, in  different  parts.     [Metric  not  mentioned.] 

*'  Mexico :  The  weights  and  measures  are  those  of  Spain,  but  with  many  local 
variations.    .     .     .     [Metric  not  mentioned.] 

'*8p€Un:  The  metric  system  is  now  the  legal  one.  Is  obligatory.  The  old 
weights  and  measures,  as  used  in  Madrid  and  Castile,  are  :  Length  :  144  pantos 
=  ,  etc. 

*' Sweden  and  Norway:  [Gives  the  old  measures.]  The  above  are  the  old 
measures.  The  system  has  since  been  decimalized,  bat  based  on  the  former 
units  :  100  linies  =  10  tums  =,  etc.  In  both  wet  and  dry  capacity  measure  the 
cubic  tum,  cubic  fot,  etc.,  are  used.  The  metric  system  went  into  effect  in  1878. 
Obligatory." 

Etc.,  etc. 

The  members  who  will  take  the  trouble  to  look  in  their  D.  K. 
Clark's  Manual  will  find  the  same  thing  with  variations.     Mr. 

"  J.  W.  Nystrom.  in  J.  Frank.  Inst.,  Vol.  CI.,  p.  885.  "  Upon  the  metric  sys- 
tem," says  Gen.  Sir  C.  W.  Pasley,  *•  far  more  legislation  has  been  expended,  from 
1789  to  the  present  day,  than  can  be  found  in  all  the  English  statutes  on  the  same 
subject,  since  the  Norman  Conquest.  In  short  .  .  .  [itj  may  be  called  the 
Bathos  of  Legislation,**    Loe,  cit,,  p.  512,  above. 
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J.  K.  Upton,  Chief  Clerk  of  the  Treasuiy  (a  warm  but  candid 
friend  of  the  metric  system),  in  his  comprehensive  reply  to  the 
resolution  of  Congress  in  1878,  has  given  a  list  which  is  much 
more  instructive,  but  I  cannot  stop  to  quote  it. 

What  is  the  use  of  giving,  for  the  use  of  traders,  shippers  and 
engineers,  all  these  old  measures  thirty  years  or  more  after  their 
abandonment  ?  Why  not  simply  say  "  metric  system  "  and  stop 
there  ?     The  answer  is  only  too  obvious. 

I  never  heard  of  the  metric  system  being  an  obstacle  to  the 
acceptance  of  British  or  American  products  and  labor.  I  know 
an  engineer  who  for  two  years  directed  the  construction  of  rail- 
way work  in  Peru,  and  I  have  often  heard  him  speak  of  his 
•experiences.  I  donH  remember  ever  hearing  him  mention  the 
metric  system;  but  I  remember  his  account  of  the  method  of 
making  railway  contracts  there  :  the  government  contracted  for 
a  railway  between  two  places  by  the  miUy — and  then  left  the  con- 
tractor to  take  his  own  route.*^ 

I  recently  took  occasion  to  inquire  of  a  non-technical  friend, 
who  had  lived  for  some  time  in  France  and  in  Holland,  and  was 
entirely  disinterested,  about  the  use  of  the  metric  system  in  those 
countries ;  and  I  received  this  written  answer  :  "  The  weights  and 
measures  in  France  are  of  the  metric  By siem  principally.  The 
metre  is  used  in  measuring  cloth,  and  the  litre  for  milk,  and  such 
fluids.  The  word  livre  (pound)  is  also  used  in  weighing  small 
quantities,  and  the  word  kilo  in  weighing  large  ones.  I  think  in 
measuring  distance  they  use  the  word  league.     .     .     .     Below 

^  In  answer  to  an  iuquiiy  made  since  writing  the  abov<»,  this  gentleman,  Mr. 
Henrj  L.  DesAoges,  M.  Soc.  N.  A.  &  M.  E.,  sent  me  the  foliowing  : 

"  Henry  Meigga  received  the  contract  f«)r  the  Arequipa  and  Puno  road  by  the 
mile,  and  Mr.  Lucas,  an  eminent  English  civil  engineer,  sent  out  by  the  English 
bondholders,  while  viewing  certain  portions  of  the  road,  said  he  could  only  un- 
derstand why  certain  deviations  from  a  straight  road  were  made  by  knowing 
that  fact. 

"  The  several  railroads  were  built  by  many  different  contractors,  and  as  those 
contractors  had  been  trained  so  they  may  have  thought,  that  is,  either  in  inches 
or  centimetres,  but  when  the  line  was  finished  the  distances  were  all  stated  in 
kilometres. 

"In  our  daily  lives,  that  is,  in  the  machine-shops  of  the  English  or  American 
lineSy  the  inch  or  *  pulgado '  is  used,  and  I  also  feel  sure  that  the  measure  in 
mercantile  pursuits  used  is  the  foot  and  yard ;  in  the  schools,  of  course,  both 
measurements  are  taught  as  in  our  own  country.  I  am  not  able  to  say  what 
measure  is  the  standard  of  the  country,  or  if  there  is  any.  Of  the  currency 
used,  it  is  decimally  divided  as  in  our  own  coin." 

So  much  for  Peru  as  a  •*  metric  country." 
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demi-kilo,  they  use  *  livre,'  and  demi-livre,  and  quart-livre.  In 
Holland  they  use  the  ell  for  measuring  cloth,  in  place  of  our 
yard.  It  is,  as  near  as  I  can  remember,  between  twenty-seven  and 
thirty  inches.  They  use  the  word  league  to  measure  distance.  / 
never  heard  of  them  using  the  metric  system  in  HoUand.^^  (Italics 
mine.) 

Here  is  a  country  which  is  supposed  to  have  adopted  -the  sys- 
tem along  with  France,  and  a  country  where  laws  are  enforced. 
Yet  a  person  who  lived  there,  among  the  people,  for  a  number  of 
months,  never  heard  of  it,  bnt  gives  entirely  different  units ! 

It  is  a  well-known  fact  that  the  words  centimetre,  etc.,  are 
almost  as  uncommon  in  Germany  as  in  this  country.  They  still 
use  their  ;j/Wirf,  their  20H,  tlieir  strich,  their  sohoppen  of  beer  and 
their  scheffd  of  com,  as  formerly  ;  they  call  the  metre  a  stab  ;  and 
though  these  are  supposed  to  be  now  decimally  related,  they 
divide  them  up  as  they  please,  as  we  have  already  seen.^  Simi- 
larly in  Austria.  The  works  of  popular  French  writers  are  full 
of  the  old  measures,  which  must  be  intelligible  to  the  people. 
Their  use  is  the  commonest  thing,  and  seems  to  be  connived  at 
by  the  government,  which  is  helpless  to  prevent  it.*^  Tet  Dr. 
Karmarsch,  a  director  of  the  Boyal  Academy  at  Hanover,  and 
one  of  the  commissioners  of  the  German  Diet  at  Frankfort,  said 
in  his  evidence  :  "  There  is  not  a  man  in  Belgium  or  France  who 
knows  any  other  measure  than  the  metre,  and  the  foot  is  quite 
unknown." 

The  metric  nations  are,  then,  after  all,  at  best  only  semi- 
metric.  Even  in  engineering  and  manufacture,  they  are  compelled 
— by  a  far  stronger  force  than  any  government — to  use  the  Eng- 
lish inch  infojoty  though  not  in  name.  The  English  inch,  by  the 
sheer  force  of  Saxon  supremacy,  is  the  real  standard  of  the  world, 
and  used  by  all  Europe  for  screws,  bolts,  diameters,  gas  and 
steam  pipes  and  fittings,  gauges,  taps  and  similar  articles.  They 
must  call  an  inch  25  millimetres  (and  then  make  it  25.4),  and  get 
around  the  screw-thread  dilemma  by  the  clumsy  phrase  of 
*'  threads  per  diameter."  They  must  use  bar-iron  rolled  to  even 
inches,  and  machine  it  to  even  millimetres.      To   follow   their 


^*  These  terms  were  abolished  by  law  in  1884,  but  iu  about  the  same  way  in 
which  the  liquor  trade  has  been  abolished  in  some  of  the  United  States. 

^*  Id  Bordeaux,  for  instance,  their  wine  is  still  put  up  in  hogsheads  {f>ar%quA%) 
and  tuns  (tonneaux),  as  in  1266,  and  is  so  quoted  in  the  published  price-lists. 
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example  in  this  would,  as  Dr.  Sellers  has  well  said,  "  fundsh  a 
precious  example  of  the  simplicity  of  the  decimal  system." 

We  are  told  no  country  which  has  adopted  this  system  has  yet 
rejected  it — as  if  thirty  years  were  sufficient  for  an  experiment  of 
this  sort,  and  as  if  any  country  would  pass  a  compulsory  law  as  an 
experiment  But  more.  We  are  told  that  '^  though  beforehand 
there  were  pleniy  of  people  to  predict  disaster,  the  metric  system, 
when  once  introduced,  produced  nothing  but  uniteraal  satisfac- 
tion,*' ^  Both  of  these  statements  are  utterly  and  palpably  false. 
No  one  could  have  made  them  without  either  a  design  to  mislead 
the  public,  or  a  mind  so  warped  and  twisted  by  intemperate  zeal 
as  to  be  unable  to  read  plain  facts  when  held  before  them.  The 
Tery  first  country  upon  which  the  metric  system  was  thrust,  after 
eighteen  years  of  experience,  threw  it  over  at  the  first  opportu- 
nity which  presented  itself,  and  it  was  not  till  the  popular  ruler 
had  again  given  place  to  the  autocratic  one,  that  it  regained  the 
ascendency.  As  to  the  other  statement,  that  the  people  are  sat- 
isfied, their  voice  very  seldom  reaches  our  ears,  but  whenever  it 
does,  it  is  the  opposite  of  satisfaction.  A  Berlin  engineer  told  Dr. 
Ooleman  Sellers,^^  "  We  do  not  like  the  metric  system,  because 
it  has  too  small  a  unit,  and  the  metre  is  too  large  and  involves 
the  use  of  decimals."  In  countries  where  the  people  are  satis- 
fied, it  is  merely  because  they  never  use  the  metric  or  any  other 
system,  being,  as  Mr.  J.  E.  Hilgard  says,  herders  and  peasants. 
A  fit  example  of  this  is  in  Senegambia,  where  the  metric  system 
is  compulsory,  except  far  fruits — fruit  being  presumably  the  only 
article  that  needs  measuring  in  that  country. 

Nevertheless,  as  if  the  people  were  not  sufficieotly  abused  by 
being  told  they  are  satisfied,  when  they  say  they  are  not,  it  is 
even  alleged  that  they  are  the  ones  who  are  animating  the  move- 
ment, and  that  it  is  only  his  philanthropic  interest  that  leads  the 
agitator  to  speak  in  their  behalf.  This  is  comparable  only  to  the 
efforts  of  the  demagogue  in  the  political  arena.  ^'  AH  this,"  says 
one,^  after  detailing  the  various  countries,  **has  been  accomplished 
by  the  pressure  of  public  opinion  ;  it  has  been  distinctly  a  move- 
ment of  the  people  and  not  of  governments ;  it  is  a  social  rather 
than  a  political  phenomenon."  What  are  the  grounds  for  this 
astonishing  statement?  and   from  what  sources  did  its  author 

"  Westminster  Review,  March,  1889,  p.  280.    (Italics  mine.) 

**  Letter  to  Philadelphia  Ledger,  reprinted  in  Iron  Age,  October  16,  1884. 

«  F.  A.  P.  Barnard,  D.D.,  LL.D.,  loc.  ciL 
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obtain  bis  information  ?  Surely  not  from  tbe  people  tbemselyes, 
for  even  after  tbe  blessing  had  come,  it  was  impossible  to  get 
tbem  to  accept  it  If  every  one  wants  tbe  metric  system,  wby 
does  not  every  one  use  it,  and  wby  is  compulsion  necessary? 
We  did  not  need  compulsion  in  tbe  acceptance  of  ''  railroad 
time."  How  is  it  tbat,  if  every  one  is  anxious  for  a  compulsory 
law,  not  even  tbe  daily  newspapers  deign  to  notice  a  bill  for  its 
accomplisbment  ? 

But  it  is  being  said,  and  apparently  believed,  that  *'  tbe  techni- 
cal bodies  of  tbe  United  States  "  are  "  overwhelmingly  in  favor  of 
tbe  system."  ®  What  are  the  facts  ?  Tbe  facts  are  tbat  some, 
but  not  many,  of  the  minor  technical  bodies  of  tbe  United  States^ 
and  two  or  three,  perhaps,  of  tbe  larger  ones,  have  voted  them- 
selves in  favor  of  tbe  metric  system,  and,  in  still  fewer  cases,  have 
memorialized  Congress  for  a  compulsory  law.®*  Some  architects, 
for  instance,  in  1876,  got  together  and  signed  a  compact  agreeing, 
after  a  given  date,  to  use  the  metric  scale  in  their  professional 
work.  It  was  a  miserable  fiasco.  The  Western  Association  of 
Architects,  also,  was  prominent  in  a  metrical  movement,  and  this 
led  to  the  canvass  of  its  members,  in  regard  to  the  metric  system, 
by  the  Boston  Society  of  Civil  Engineers  in  1888.*  The  ques- 
tions, as  regards  the  metric  system,  were  as  follows  (11  per  cent, 
voting): 

"  Is  the  ultimate  exclusive  adoption  of  the  metric  system  in 
tbe  United  States  desirable  ?  "     71  per  cent,  voted  aye. 

"  As  to  tbe  Society  joining  in  a  petition  to  Congress  for  adop- 
tion of  the  metric  system  for  government  use  ? "  60  per  cent, 
voted  aye.^ 

As  a  two-thirds  vote  of  the  Society  was  required,  and  only  41 
per  cent,  of  tbe  members  would  vote  at  all,  tbe  Society  "  declined 
to  join  with  the  Western  Association  of  Architects  in  a  petition 
to  Congress."     The  canvass  ako  brought  forth  a  host  of  objec- 

~  W.  H.  White  in  New  York  Nation,  March  5, 1885,  p.  200. 

**  The  replies  to  the  circular  sent  out  in  1876  by  the  Committee  of  the  Boston 
Society  of  Civil  Engineers  sbow  quite  clearly  the  personnel  of  the  metriciflts.  Of 
the  16  favorable  answers  received,  there  were  9  medical  societies ;  8  engineer- 
iDg ;  1  belles-lettres ;  1  microscopical ;  1  chamber  of  commerce ;  and  1  female 
seminary. 

•*  See  Jour.  Assn.  Eng.  Soc„  Vol.  VII.,  p.  264. 

"•  Since  this  was  written  (in  November,  1896),  the  Boston  Society  has  again 
canvassed  its  members  on  tbese  questions,  and  a  much  larger  percentage  (nearly 
all)  of  those  voting  has  voted  aye. 
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tions  to  the  metric  system,  printed  along  with  the  report  of  the 
committee. 

Again,  the  Engineers'  Club  of  Philadelphia,  in  1878,  appointed  a 
committee  whose  report  (adopted  April  6),  while  favorable  to  the 
metric  system,  contains  the  following  clause : 

"  The  Committee  deprecates  the  immediate  compulsory  adop- 
tion of  the  metric  system  by  state  or  national  legislation,  and 
considers  that  it  would  be  a  work  of  supererogation  to  attempt  to 
compel  any  class  of  men,  either  technical  or  practical,  to  adopt  it 
to  their  personal  or  pecuniary  loss." 

But  the  opinions  of  the  engineers  of  this  country  are  sufficiently 
shown  by  the  action  of  the  two  national  societies,  namely,  the 
American  Society  of  Civil  Engineers  and  that  which  I  have  the 
honor  to  address.  On  the  two  occasions  when  the  metric  scheme 
for  compulsory  legislation  was  brought  to  their  notice,  they  both 
gave  it  their  most  emphatic  dissent^ 

It  is  true,  unfortunately,  that  there  are  some  Chambers  of  Com- 
merce, composed,  it  may  be  imagined,  of  practical  merchants, 
who  fancy  that  their  trade,  or  that  the  country,  would  be  im- 
proved  by  the  adoption,  even  under  compulsion,  of  the  metric 
system.  But  it  should  be  remembered  that  these  men  have  never 
had  time  to  devote  to  the  abstract  consideration  of  the  question  ; 
they  have  seen,  generally,  only  the  arguments  which  the  agitators 
have  presented  to  them  ;  and  the  metric  system,  too,  is  one  of 
those  things  to  which  distance  lends  enchantment.  But,  more- 
over, it  is  wholesale  trade,  and  particularly  that  with  foreign 
nations,  largely  involving  clerical  work,  where  the  decimal  sys- 
tem shows  its  greatest  advantage,  which  advantage  in  other 
departments  of  life  would  dwindle  and  disappear. 

"  See,  then,  the  strange  position.  The  vast  majority  of  our 
population  consists  of  working  people,  people  of  narrow  incomes, 
and  the  minor  shopkeepers  who  minister  to  their  wants.  And 
these  wants  daily  lead  to  myriads  of  purchases  of  small  quantities 

''The  action  of  the  American  Society  of  Civil  Engineers  was  in  1876.  and  was 
due  to  agitation  on  the  part  of  the  metricists.  It  resulted,  after  a  stormy  debate,  in 
the  adoption  of  a  resolution  the  opposite  from  that  originally  brought  in.  I  re- 
frain, however,  from  here  rendering  the  details  (a  moral  to  propagandists),  which 
are  published  In  the  Proceedings,  Vol.  I.,  p.  321 ;  II.,  pp.  61,  85, 173;  IV.,  pp.  5,  7; 
and  Transaetions,  Vol.  V.,  p.  865.  The  action  of  the  American  Society  of  Me-i 
chanical  Engineers  was  the  result  of  Dr.  Coleman  Sellers'  celebrated  paper,  read 
at  the  first  annual  meeting,  1880 ;  see  Transactions,  Vol.  I.,  p.  7  ;  Vol.  II.,  p.  9. 
The  final  votes  were,  in  the  first  case,  102  to  57  ;  in  the  second,  111  to  24. 
87 
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for  small  snms,  involving  fractional  divisions  of  measures  and 
money-measuring  transactions  probably  fifty  times  as  numerous 
as  those  of  the  men  of  science  and  the  wholesale  traders  put 
together.  These  two  small  classes,  however,  unfamiliar  with 
retail  measuring  transactions,  have  decided  that  they  will  be  bet- 
ter carried  on  by  the  metric  system  than  by  the  existing  system. 
Those  who  have  no  experimental  knowledge  of  the  matter  pro- 
pose to  regulate  those  who  have !  The  methods  followed  by  the 
experienced  are  to  be  rearranged  by  the  inexperienced  !  "  ® 

I  have  now  passed  in  review  the  principal  arguments  which 
are  presented  why  we,  as  a  nation,  should  adopt  (and  adoption 
means  compulsion)  the  metric  system ;  including  those  by  which 
it  is  attempted  to  be  shown  that  those  who  think  otherwise  are  in 
a  minority ;  and  no  one  likes  to  be  in  a  minority,  even  if  he  be 
right.  There  yet  remain,  however,  some  reasons  why  we  should 
not  "  adopt "  the  metric  system,  or  rather,  not  attempt  to  adopt 
it,  for  such  adoption  could  result  in  nothing  else  than  failure. 
Waiving,  then,  for  the  present,  all  those  arguments, — ^granted,  for 
the  nonce,  that  the  metric  system  were  abstractly  perfect,  and 
that  it  had  been  accepted  by  the  most  enlightened  of  nations 
amid  the  most  popular  demonstrations, — ^it  does  not  therefore  fol- 
low that  we  should  adopt  it.  For  to  do  so  would  be  to  make  a 
change — a  radical  change — in  a  most  important  and  delicate  rela- 
tion ;  and  before  we  can  properly  undertake  it,  it  must  first  be 
demonstrated — I  do  not  say  generally  supposed — that  the  advan- 
tages to  be  gained  more  than  counterbalance  the  difliculties  and 
inconveniences  to  be  encountered.  But  the  metricists  do  not 
seem  to  have  thought  of  this ;  they  seem  to  have  considered  it 
sufficient  to  demonstrate  the  smallest  theoretic  advantages  of  the 
metric  over  the  existing  system.  They  have  forgot,  apparently, 
that  we  do  not  start  with  a  clean  slate.  They  do  not  think  of 
what  we  would  lose  by  such  an  operation.  Among  all  its  disad- 
vantages, if  such  they  are,  the  present  system  Jias  the  indisputable 
advantage  of  being  already  estabUshed  ;  which,  in  a  country  like 
this,  means  infinitely  more  than  it  did  in  any  country  which  has 
as  yet  adopted  the  metric  system.  A  few  words  from  Dr.  Sellers 
will  make  this  clear  in  one  aspect  of  the  question  : 

"  America  has,  for  the  last  half-century,  been  striving,  in  its 
own  way,  towards  equalization  of  its  standard  sizes.    The  immense 

••  Herbert  Spencer,  fee.  cU. 
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railroad  industries  demand  this.  Standard  wheels  on  standard 
axles — standard  fit  sizes  for  both — are  all  founded  on  an  inch 
scale  of  sizes.  ...  A  pulley  ordered  to-day  with  an  eye 
to  fit  a  2^  or  a  4-inch  shaft  made  thirty  years  ago  will  be  found 
to  be  to  size.  Now  this  American  shafting  sells  freely  in  Europe, 
and  no  one  complains  of  its  size.*' 

*'  It  is  not  an  exaggeration  to  assert  that  the  confusion  and  loss 
caused  by  a  change  of  the  system  of  measurement  in  Bussia,  with 
her  millions  of  peasantry,  would  be  less  than  that  sustained  in  the 
city  of  Philadelphia  alone  from  a  like  cause."  * 

The  people  who  desire  this  change  speak  of  the  loss  of  uni- 
formity with  Great  Britain — with  whom  our  commerce  is  greater 
than  with  all  the  rest  of  Europe  together — as  a  mere  trifle.  They 
say  that  the  loss  of  English  technical  works  would  be  exceeded 
by  the  gain  of  the  French  and  German.  With  the  language  of 
one,  and  the  weights  and  measures  of  the  other,  the  majority  of 
our  technical  men  would  be  practically  cut  oflf  from  both.  But 
what  did  Mr.  Adams,  in  his  Beport  to  Congress,  have  to  say  on 
this  subject  ? 

"  The  Congress  of  the  United  States  have  been  as  earnestly 
employed  in  the  search  of  a  uuiform  system  of  weights  apd 
measures  as  the  British  Parliament.  Have  either  of  them  con- 
sidered, how  that  very  principle  of  uniformity  would  be  affected 
by  any,  the  slightest  change,  sanctioned  by  either,  in  the  existing 
system,  now  common  to  both  ?  If  uniformity  be  their  object,  is 
it  not  necessary  to  contemplate  it  in  all  its  aspects  ?  ...  Is 
it  not  worth  their  while  to  inquire,  whether  an  imperceptible  im- 
provement  in  the  uniformity  of  things  would  not  be  dearly  pur- 
chased by  the  loss  of  millions  in  the  uniformity  of  persons  ?  .   .   . 

"  If  this  report  were  authorized  to  speak  to  both  nations,  it 
would  say — Is  your  object  uniformity  ?  Then,  before  you  change 
any  part  of  your  system,  such  as  it  is,  compare  the  uniformity 
that  you  must  lose,  with  the  uniformity  that  you  may  gain,  by  the 
alteration.  At  this  hour,  fifteen  millions  of  Britons,  who  in  the 
next  generation,  may  be  twenty,  and  ten  millions  of  Americans, 
who,  in  less  time,  will  be  as  many,  have  the  same  legal  system  of 
weights  and  measures.  .  .  .  They  are  of  the  nations  of  the 
earth,  the  two,  who  have  with  each  other  the  most  of  that  inter- 
course which  requires  the  constant  use  of  weights  and  measures. 

*•  TrauMcivmi  A.  8.  M.  E.,  Vol.  I.,  p.  7  ;  Iron  Age,  October  16,  1884,  p.  18. 
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PreciooSy  indeed,  must  be  that  uniformity^  the  mere 
promise  of  which,  obtained  by  an  alteration  of  the  law,  would 
more  than  compensate  for  the  abandoument  of  this." 

It  has  been  often  said,  that  if  Mr.  Adams  could  have  seen  the 
wonderful  progress  which  the  metric  system  has  since  made,  he 
would  have  changed  all  these  ideas,  and  sent  a  different  report  to 
Congress.  It  is  easy  to  say,  after  a  man  is  dead,  what  be  would 
have  done  had  he  lived,  and  to  attribute  to  him  ideas  the  opposite 
of  those  he  expressed ;  but  if  we  are  to  judge  anything  as  to  the 
present  status,  from  this  impartial  report,  it  is  this,  that  had  it 
been  dated  seventy  years  later,  and  Mr.  Adams  had  seen  the 
infinitely  more  complicated  structure  of  commerce  and  manufac- 
ture which  exists  to-day,  he  would  scarcely  have  given  the  idea  of 
a  radical  change  his  respectful  consideration. 

But  why  so  much  haste  ?  Suppose  (per  impomhUe)  that  Great 
Britain  should  ''  get  ahead  of  us,"  we  would  be  none  the  losers. 
We  can  well  afford  to  wait  until  she  takes  the  step ;  it  will  be  so 
much  the  easier  for  us,  and  we  can  follow  as  early  as  we  choose. 
And  if  we  are  not  satisfied  with  present  arrangements,  and  must 
have  a  change  on  general  principles,  would  it  not  be  as  well  to 
wait  until  we  can  have  something  better  than  any  existing  system? 
That  such  can  be  devised  there  is  no  doubt  It  is  said  that  the 
decision  of  the  metric  nations  is  irrevocable — which  is  saying  a 
good  deal.  The  decision  of  Great  Britain  is  still  more  irrevocable,*^ 
if  we  may  judge  by  the  comparative  stability  of  all  her  social  and 
political  institutions.  The  present  British  government  has  long 
outlasted  every  other  on  the  face  of  the  globe.  Its  securities  are 
more  highly  esteemed  than  all  othei-s.  But  suppose  this  were  not 
the  case — because  those  nations  have  committed  themselves  to  a 
rash  and  foolish  step,  does  that  form  a  valid  reason  why  the  others 
should,  like  sheep,  plunge  after  them  ?    To  do  so  would  be  to  put 

***  If  any  one  is  still  incredalous  on  this  ]>oint,  he  is  invited  to  the  contempla- 
tion of  the  following  reply  made  to  the  Metric  Convention  in  1875,  as  given  bj 
11.  W.  Chisholm,  Warden  of  the  Standards  {Science  of  Weighing  and  Measuring, 
p.  129) ;  •*  Her  Majesty's  government  have  declared  that  they  cannot  recommend 
to  Parliament  any  expenditure  connected  with  the  metric  system,  which  is  not 
legalized  in  this  country,  nor  in  sapport  of  a  permanent  institution  established 
in  a  foreign  country  for  its  encouragement.  They  have  consequently  declined 
to  take  part  in  the  convention,  or  to  contribute  toward  the  expenses  of  the  new 
Metric  Bureau,  and  they  have  directed  the  Warden  of  the  Standards  ...  to 
decline  being  appointed  a  member  of  the  new  International  Metric  Committee, 
or  to  take  part  in  the  direction  of  the  new  International  Metric  Bureau." 
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the  climax  upon  a  retrogression  unknown  since  the  fall  of  Oreece 
and  Borne. 

It  is  assumed  all  this  while  that  the  adoption  of  the  metric  systei{^ 
could  be  accomplished  by  a  mere  Act  of  Congress — that  we  can, 
if  we  choose,  toss  away  our  liberty  as  the  result  of  an  afternoon's 
debate,  or  the  report  of  a  House  committee ;  for  it  is  sought  to 
make  the  continued  use  of  our  old  habits,  even  of  our  old  words, 
a  misdemeanor.  '^  There  must  indeed,"  said  Sir  Frederick 
Bramwell,  "be  an  extreme  superiority  of  one  system  over  the 
other,  to  justify  an  enactment  that  would  cause  a  man  to  be  con- 
sidered a  breaker  of  the  law  simply  because  he  chose  to  make 
his  calculations  by  the  old  system  instead  of  by  the  new  one." 
It  is  in  vain  for  the  metricists  to  say  that  that  is  not  what  they 
seek ;  anything  less  than  this  would  be  hopelessly  ineffectual. 
But  has  Congress  power  to  make  such  a  law  ?  and  what  would  the 
judiciary  have  to  say  about  its  enforcement  ?  The  authority  is 
supposed  to  be  based  on  a  clause  of  the  Constitution,  which 
gives  Congress  power  "  to  fix  the  standard  of  weights  and  meas- 
ures." But,  says  Mr.  Adams,  "  it  may  admit  of  a  doubt  whether 
under  this  grant  of  power  is  included  an  authority  so  totally  to 
subvert  the  whole  system  of  weights  and  measures,  as  it  existed 
at  the  time  of  the  adoption  of  the  Constitution,  as  would  be 
necessary  for  the  introduction  of  a  system  similar  to  that  of  the 
French  nation.  Tojlx  the  standard,  appears  to  be  an  operation 
entirely  distinct  from  changing  the  denominations  and  proportions 
already  existing,  and  established  by  the  laws,  or  immemorial 
usage.  And  this  doubt  acquires  a  further  claim  to  consideration, 
if  it  be  true,  as  the  experience  of  other  nations  seems  to  warrant 
us  in  the  conclusion,  that  there  is  no  object  of  regulation  by 
human  power,  in  which  the  prescriptions  of  a  government  are  so 
difficult  to  be  carried  into  execution." 

But  Mr.  Adams  proceeds  further.  "The  doubts  entertained 
whether  an  authority,  so  extensive  as  this  operation  would 
require,  has  been  delegated  to  Congress,  are  strengthened  by 
the  consideration  of  the  character  of  the  executive  power,  corre- 
sponding with  the  legislative  authority.  The  means  of  execution 
for  exacting  and  obtaining  the  conformity  of  individuals  to  the 
ordinances  of  the  law,  in  the  case  of  weights  and  measures, 
belong  to  that  class  of  powers  which,  in  our  complicated  political 
organization,  are  reserved  to  the  separate  States.  The  jurisdic- 
tions to  which  resort  must   be   had   for   transgressions  of  this 
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description  of  laws,  are  those  of  municipal  police.  ...  In 
fixing  the  atandardy  it  is  believed  that  Congress  must  rely  almost 
entirely,  if  not  altogether,  upon  State  executive  authorities  for 
carrying  their  laws  into  execution.  And,  although  this  reliance 
may  be  safely  indulged  in  relation  to  a  law  which  should  merely 
fix  the  uniformity  of  existing  standards,  its  efficacy  would  be 
very  questionable  in  the  case  of  a  law  of  great  and  universal 
innovation  upon  the  habits  and  usages  of  the  people.  0f  snob  a 
law  the  transgressions  could  not  fail  to  be  numerous  ;  any  doubt 
of  the  authority  of  the  legislator  would  stimulate  to  systematic 
resistance  against  it:  and  the  power  of  enforcing  its  execution 
being  in  other  hands,  naturally  disposed  to  sympathize  with  the 
offender,  the  whole  system  would  fall  into  ruin,  and  afford  a  new 
demonstration  of  the  impotence  of  human  legislation  against  the 
laws  of  nature,  in  the  habits  of  man." 

Mr.  Adams  is  not  alone  in  his  opinion.  Sir  George  Airy,  who 
for  thirty  years  sat  at  the  head  of  successive  British  commissions, 
gave  to  this  subject,  I  venture  to  believe,  a  more  profound  con- 
sideration, probably,  than  any  other  man  before  or  since.  In  the 
discussion  of  the  paper  read  by  Mr.  James  Yates  before  the  In- 
stitution of  Civil  Engineers  in  1854,  and  printed  in  Vol.  XIII. 
(page  272)  of  their  Proceedings,  Airy  gave  his  opinion  as  follows  : 
^*  In  regard  to  the  assimilation  of  British  coinage,  weights  and 
measures  to  that  of  foreign  countries,  it  was  difficult  to  express 
the  depth  of  his  conviction  that  the  thing  was  totally  impos- 
sible. .  .  .  The  plan  was  totally  impracticable  as  regarded 
weights  and  measures,  and  though  not  so  absolutely  impossible 
in  regard  to  coinage,  yet  it  would  produce  so  much  inconvenience, 
with  so  little  gain,  that  it  could  not  be  entertained.  .  .  .  The 
Astronomer  Royal  gave  his  most  hearty  wishes  for  the  speedy 
introduction  of  a  decimal  coinage.  .  .  .  But  none  of  the 
characteristics  above  mentioned  applied,  in  the  same  manner,  to 
weights  and  measures.  ...  In  coinage,  it  [the  decimal 
scale]  could  be,  and  ought  to  be,  enforced ;  but  scarcely  in  any- 
thing else.  ...  In  most  cases  it  would  be  perfectly  vain :  no 
power  could  make  a  workman  call  for  three-tenths  of  a  gallon  of 
beer,  or  would  make  a  householder  express  his  divisions  of  a  ton 
of  coals  by  decimal  scale  ;  although  in  the  latter  case  the  decimals 
were  provided  ready  to  his  hand." 

Dr.  Coleman  Sellers  speaks  for  the  engineers.  "  It  is  in  fact, 
however,  so  impossible,  in  view  of  existing  matters  and  existing 
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harmony  in  interchangeable  matter,  that  shonld  the  metric  stand- 
ard be  made  the  only  legal  standard  in  America  to  be  used  in 
buying  and  selling,  the  engineering  establishments  now  in  exist- 
ence must  perforce  nse  their  existing  tools  and  gauges  of  pre- 
cision, and  continue  to  make  material  in  conformity  with  existing 
matter." 

It  is  charged,  even  by  the  impartial,  that  Dr.  Sellers  has  over- 
rated the  difficulty.  This  is  because  it  is  difficult  to  comprehend, 
as  he  does  from  a  lifetime  of  experience,  how  inextricably  we 
are  bound  to  the  past,  and  the  enormous  momentum  of  our  man- 
ufacturing industries.  But  on  the  contrary,  he  has,  in  what  he 
has  said  and  written,  very  much  underrated  it ;  not  because  he 
thought  of  no  other,  but  because  he  has  professed  to  deal  only 
with  one,  aspect  of  the  question. 

Let  us  have  done,  then,  with  the  abstract  talk  of  adopting  this 
or  that  system  of  weights  and  measures,  before  we  have  consid- 
ered the  possibility  of  relinquishing  the  present.  It  is  easy  for 
the  surveyor  to  talk  glibly  about  measuring  his  distances  in 
metres  instead  of  feet,  and  the  physician  of  putting  up  his  doses 
in  centigrammes.  But  were  the  seventy  millions  now  dwelling  in 
these  United  States  unanimous  in  their  desire  for  such  a  change, 
they  would  find  it  beyond  their  power  to  accomplish.  They 
might  cease,  indeed,  to  measure  by  the  old  standards;  they 
might  throw  away  all  their  existing  scales,  rules,  measures, 
gauges,  screws,  taps,  and  apparatus  of  every  description  used  in 
every-day  life,  involving  a  loss  impossible  to  estimate.  They 
might  even  throw  away  all  their  tool-making  machinery,  and  all 
their  immense  numbers  of  costly  drawings  and  patterns.  But 
they  could  not  change  their  houses  and  thoir  lands ;  they  could 
not  destroy  all  their  factories  and  the  vast  machinery  plant  which 
they  contain,  all  based  on  the  existing  system.  They  could  not 
change  their  public  records,  nor  could  they  alter  the  immense 
literature  of  all  the  professions,  all  based  on  the  foot,  pound, 
gallon  and  bushel.  The  thing  would  be  beyond  all  sense  and 
reason.  It  would  be  necessary  to  discard  all  the  products  of 
civilization,  and  start  again  at  the  beginning.  It  would  be  as 
feasible,  and  certainly  as  rational,  a  proposition,  to  raze  the 
whole  southern  portion  of  this  metropolis,  and  lay  it  out  anew  in 
blocks  of  100  metres,  l>ecau8e,  forsooth,  it  was  not  so  laid  out  in 
the  first  place. 

Take,  as  an  example,  the  country  about  St.  Louis,  which  has 
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been  for  three-quarters  of  a  century  a  part  of  the  United  States. 
It  is  here  that  the  arpent  is  used  for  land  measure,  as  was  men-  f 
tioned  earlier  in  the  paper.     I  take  my  account  from  the  reply  of 
Ellis  Spear,  Commissioner  of  Patents,  to  the  Congressional  reso- 
lution of  1877. 

"  The  early  French  settlers  of  St.  Louis  and  vicinity  laid  out 
their  land  in  a/rpents^  the  common  unit  for  land  measurement 
among  them.  Since  that  time  the  territory  has  passed  from 
French  into  Spanish  hands,  and  from  Spanish  to  our  own.  .  .  . 
But  to-day  there  is  scarcely  a  piece  of  real  estate  in  the  vicinity 
of  St.  Louis  that  is  not  measured  in  arpents.  It  is  so  advertised, 
so  sold,  and  this  word  lingers  in  the  speech  of  the  people,  and 
the  area  it  indicates  lingers  in  their  daily  transactions  with  a 
tenacity  that  nothing  appears  to  shake.  Now  there  is  nothing  in 
the  arpent  which  makes  it  a  more  convenient  unit  of  measurement 
for  land  than  the  acre.  But  its  retention  under  the  circumstances 
is  something  more  than  a  question  of  mere  habit  or  use.  It  is 
because  all  real  estate  transactions  are  matters  of  permanent 
record,  and  permanent  records  are  only  changed  with  great  diflS- 
culty.  .  .  .  For  a  little  district  of  a  few  square  miles  along 
the  Mississippi  Kiver  now  substitute  the  area  of  our  nation,  with 
its  vast  estates,  its  little  farms,  its  villages  and  town-lots,  all 
measured  by  acres,  its  great  cities  in  which  ground  is  measured 
minutely  down  to  fractions  of  an  inch,  and  consider  the  vast  and 
costly  records  in  which  the  titles  to  all  this  property  are  set 
forth."     But  I  need  not  continue. 

"At  what  time  can  a  railway  company  afford  to  change  the 
dimensions  of  the  parts  of  a  locomotive  engine?  At  no  time,  it 
would  answer,  because  the  change  would  require  to  be  simulta- 
neous in  the  whole  stock.  It  is  true  that  the  old  dimensions  might 
be  adhered  to,  but  called  by  metric  names,  .  .  .  but  this  would 
only  be  an  evasion,  not  a  solution  of  the  problem.*'  (J.  E.  Hilgard, 
Asst.  U.  S.  Coast  Survey,  Reply  to  House  Resolution  of  1877.) 

"  It  is  a  consideration  from  which  many  important  consequences 
result,"  says  John  Quincy  Adams,  "  that  the  proper  province  of 
law,  in  relation  to  weights  and  measures,  is  not  to  create,  but  to 
regulate."  "  The  legislator  has  no  power  over  the  properties  of 
matter.  He  cannot  give  a  new  constitution  to  nature.  He  can* 
not  repeal  her  law  of  universal  mutability.  •  He  cannot  square  the 
circle.  He  cannot  reduce  extension  and  gravity  to  a  common 
measure.     He  cannot  divide  or  multiply  the  parts  of  the  surface. 
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the  cube  or  the  sphere,  by  the  uniform  and  exclusive  number  ten. 
The  power  of  the  legislator  is  limited  over  the  will  and  actions  of 
his  subjects.  His  conflict  with  them  is  desperate  when  he  coun- 
teracts their  settled  habits,  their  established  usages ;  their  domes- 
tic and  individual  economy,  their  ignorance,  their  prejudices,  and 
their  wants  :  all  which  is  unavoidable  in  the  attempt  radically  to 
change,  or  to  originate,  a  totally  new  system  of  weights  and 
measures." 

Those  who  advocate  the  universal  adoption  of  the  metric  sys- 
tem have  reckoned  without  their  host.  The  whole  order  of 
nature, — sun,  moon  and  stars, — the  earth  itself,  and  the  human 
microcosm  inhabiting  it,  are  all  against  them.  *' There  was  no 
advantage  in  extending  this  system  to  the  whole  universe.  That 
was,  besides,  impossible.  The  national  spirit  of  the  English  and 
Germans  was  opposed  to  it.  .  •  •  Meanwhile  the  good  of 
present  generations  was  sacrificed  to  abstractions  and  vain  hopes, 
for  to  make  an  old  nation  adopt  a  new  unit  of  weights  and  meas- 
ures it  is  necessary  to  make  over  again  all  the  rules  of  public 
administration,  all  the  calculations  of  the  arts — a  task  to  frighten 
reason.''  '^ 

Our  conclusions,  then,  briefly  stated,  are  as  follows : 

1.  That  the  metric  system,  evolved  by  a  party  of  scientists  of 
no  practical  experience,  during  a  whimsical  period  of  history,  was 
the  child  of  metaphysical  abstractions,  coupled  with  violence. 
(Pp.  49e-504,  511.) 

2.  That  the  French  people  themselves  found  they  could  not  use 
it ;  and  that  its  attempted  enforcement  led,  not  to  uniformity,  but 
to  chaos.     (Pp.  506-509.) 

3.  That,  scientifically  considered,  the  metric  system  was  a  fail- 
ure ;  that  neither  of  its  units  was  what  they  purported  to  be,  and 
that  the  attempt  to  make  them  so  has  been  abandoned  as  hope- 
less.    (Pp.  504-506.) 

4.  That  the  English  system,  though,  like  all  things  in  nature,  it 
bears  the  marks  of  imperfection,  the  decays  of  time,  and  the 
usages  of  civilizations  long  passed  away,  yet  in  its  essential  ele- 
ments embodies  the  wisdom  and  experience  of  ages — is,  in  fact, 
the  survival  of  the  fittest     (Pp.  512-518.) 

5.  That  its  slow  but  irresistible  development,  unification,  and 

•'  Memoranda  for  a  history  of  Prance  under  Napoleon,  by  General  Count  de 
Montholon,  written  at  St.  Helena.  Cited  by  Sir  F.  Bramwell,  and  printed  in  Popu- 
lar Science  Monthly,  June,  1896.    See  the  whole  extract,  a  most  interesting  one. 
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spread  are  in  marked  contrast  to  the  spasmodic  and  Jonah's  gourd- 
like growth  of  the  other.     (Pp.  518-546.) 

6.  That  the  metre,  as  a  scientific  standard,  can  claim  no  supe- 
riority over  the  yard,  and  leaves  ns,  moreover,  without  that  most 
useful  of  measures,  the  foot     (Pp.  547-550.) 

7.  That  uniformity,  like  most  other  things,  can  be  carried  too 
far ;  that  to  use  the  same  measure  and  the  same  weight  for  every-  i 
thing  would  be  a  wanton  waste  of  the  time  and  energies  of 
humanity;  that  we  cannot  make  Nature  uniform,  and  that  the 
best  we  can  do  is  to  make  ourselves  uniform  with  her.  (Pp.  550- 
553.) 

8.  That,  moreover,  in  practice  the  metric  system  has  generally 
served  not  to  introduce,  but  to  destroy  uniformity,  by  superadding 
new  methods,  without  replacing  old  ones.     (Pp.  508, 548, 555-556.) 

9.  That  the  case  of  other  nations  is  no  precedent  for  us,  who 
already  have  uniformity  in  all  its  essentials ;  and  that  where  we  do 
not,  neither  the  metric  nor  any  other  system  will  ever  be  of  the 
slightest  value.    (Pp.  553-655,  584) 

10.  That  the  decimal  divisions,  instead  of  being  the  greatest 
advantage  of  the  system,  are  its  most  irreparable  defect;  and 
that,  of  whatever  uniformity  of  division  Nature  and  man  are 
capable,  it  can  never  be  expressed  by  the  number  ten.  (Pp.  509- 
511,  556-563.) 

11.  That  the  mind  cannot  think  in  decimal  fractions ;  that  it 
invariably  does  think  in  fractions  reduced  to  their  lowest  terms ; 
and  that,  consequently,  they  are  as  impossible  to  be  got  rid  of  as 
the  mind  itself.     (Pp.  559-560,  561.) 

12.  That  the  saving  in  the  schools,  if  any,  would  be  slight,  con- 
sisting merely  of  the  substitution  of  the  metrical  for  our  present 
tables ;  that  even  this  could  not  be  realized  for  generations ;  and 
that  a  prominent  educator,  with  whom  an  important  educational 
body  have  voted  their  agreement,  has  given  it  as  his  opinion  that 
there  would  be  no  real  saving.     (Pp.  563-564.)  . 

13.  That  the  scientific  nomenclature  is  the  most  hopelessly 
unpractical  part  of  the  metric  system.  That,  fitted  as  its  terms 
are  for  the  laboratory  and  the  closet,  where  time  is  no  object,  man 
in  general,  in  his  present  state  of  development,  finds  it  impossible 
in  most  cases  to  distinguish  or  even  to  understand  them  ;  but  that 
he  has  refused,  and  always  will  refuse,  to  clog  his  tongue  with 
superfluous  syllables.     (Pp.  564-566.) 

14.  That  this  scientific  nomenclature  was  precisely  the  part 
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most  difficult  to  enforce  in  France ;  that,  in  fact,  it  never  has  been 
found  possible  to  enforce  it;  that  it  was  rejected  formally  by 
some  nations,  tacitly  by  the.  rest,  and  is  even  abandoned  by  ite 
friends.     (Pp.  50ft-507,  564,  566,  574.) 

15.  That  the  scientific  world  had  accepted  the  metric  system 
long  before  any  government,  except  the  French  and  Dutch,  had 
noticed  it ;  which  is  a  sufficient  indication  that,  had  such  a  course 
been  useful  and  feasible  in  other  lines,  it  would  have  been  adopted 
there  also.     (P.  557.) 

16.  That  the  statements  that  the  bulk  of  the  area  and  popula- 
tion of  civilized  nations  is  metrical,  and  that  our  commerce  is 
mostly  with  metric  nations,  are  wholly  without  foundation ;  that 
the  flimsy  pretense  that  we  cannot  please  our  customers,  when 
we  are  not  even  asked  to  make  our  exports  to  metric  measure- 
ments, is  absurd  as  well  as  false ;  and  that  so  far  from  suffering 
from  the  competition  of  the  metric  nations,  it  is  only  since  their 
first  adoption  of  the  metric  system  that  Anglo-Saxon  supremacy 
has  been  unalterably  riveted  on  the  world.     (Pp.  566-569,  573.) 

17.  That  the  so-called  progress  of  the  metric  system  has  been 
rather  a  retrogression, — the  "  progress  of  bureaucratic  coercion ; " 
that  the  most  backward  nations  were  the  first  to  take  hand  in  it ; 
that  they  are  not  those  from  whom  in  other  things  we  should  wish 
to  copy.    (Pp.  570-572.) 

18.  That,  in  fact,  such  adoption  has  been  merely  nominal  in 
most,  or  in  all  cases,  except  France ;.  that  even  there  the  old 
names  and  the  old  values  are  still  in  daily  use,  and  that  the  gov- 
ernment finds  itself  powerless  to  contend  with  them.  (Pp.  572- 
574.) 

19.  That  the  assertion  that  the  people  ever  agitated  for  a  change 
of  system,  besides  being  baseless,  is  irrational;  because  the 
masses  of  no  country  or  race  can  appreciate  the  differences  be- 
tween systems ;  they  use  what  they  always  have  used,  nor  do  they 
see  any  reason  for  doing  otherwise,  or  why  they  should  require  a 
law  to  enable  them  to  do  so.    (Pp.  575-576.) 

20.  That  the  opinion  of  practical  men  generally  in  America, 
and  of  engineers  in  particular,  approves  the  metric  system  per  Be 
only  in  a  few  cases,  and  almost  invariably  deprecates  compulsion. 
(Pp.  551,  676-577.) 

21.  That  we  see  no  signs  of  the  prospective  universality  of  the 
metric  system ;  that,  on  the  contrary,  the  metric  units  seldom  or 
never  find  their  way  into  common  use  in  non-metric  countries. 
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spread  are  in  marked  contrast  to  the  spasmodic  and  Jonah's  gourd- 
like growth  of  the  other.     (Pp.  518-M6.) 

6.  That  the  metre,  as  a  scientific  standard,  can  claim  no  supe- 
riority over  the  yard,  and  leaves  ns,  moreover,  without  that  most 
useful  of  measures,  the  foot    (Pp.  547-550.) 

7.  That  uniformity,  like  most  other  things,  can  be  carried  too 
far ;  that  to  use  the  same  measure  and  the  same  weight  for  every- 
thing would  be  a  wanton  waste  of  the  time  and  energies  of 
humanity;  that  we  cannot  make  Nature  uniform,  and  that  the 
best  we  can  do  is  to  make  ourselves  uniform  with  her.  (Pp.  550- 
553.) 

8.  That,  moreover,  in  practice  the  metric  system  has  generally 
served  not  to  introduce,  but  to  destroy  uniformity,  by  superadding 
new  methods,  without  replacing  old  ones.     (Pp.  508, 548, 555-556.) 

9.  That  the  case  of  other  nations  is  no  precedent  for  us,  who 
already  have  uniformity  in  all  its  essentials ;  and  that  where  we  do 
not,  neither  the  metric  nor  any  other  system  will  ever  be  of  the 
slightest  value.    (Pp.  553-555,  584) 

10.  That  the  decimal  divisions,  instead  of  being  the  greatest 
advantage  of  the  system,  are  its  most  irreparable  defect;  and 
that,  of  whatever  uniformity  of  division  Nature  and  man  are 
capable,  it  can  never  be  expressed  by  the  number  ten.  (Pp.  509- 
511,  556-563.) 

11.  That  the  mind  cannot  think  in  decimal  fractions ;  that  it 
invariably  does  think  in  fractions  reduced  to  their  lowest  terms ; 
and  that,  consequently,  they  are  as  impossible  to  be  got  rid  of  as 
the  mind  itself.     (Pp.  559-560,  561.) 

12.  That  the  saving  in  the  schools,  if  any,  would  be  slight,  con- 
sisting merely  of  the  substitution  of  the  metrical  for  our  present 
tables ;  that  even  this  could  not  be  realized  for  generations ;  and 
that  a  prominent  educator,  with  whom  an  important  educational 
body  have  voted  their  agreement,  has  given  it  as  his  opinion  that 
there  would  be  no  real  saving.     (Pp.  563-564.)  . 

13.  That  the  scientific  nomenclature  is  the  most  hopelessly 
unpractical  part  of  the  metric  system.  That,  fitted  as  its  terms 
are  for  the  laboratory  and  the  closet,  where  time  is  no  object,  man 
in  general,  in  his  present  state  of  development,  finds  it  impossible 
in  most  cases  to  distinguish  or  even  to  understand  them  ;  but  that 
he  has  refused,  and  always  will  refuse,  to  clog  his  tongue  with 
superfluous  syllables.     (Pp.  664-566.) 

14.  That  this  scientific  nomenclature  was  precisely  the  part 
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most  difficult  to  enforce  in  France ;  that,  in  fact,  it  never  has  been 
found  possible  to  enforce  it;  that  it  was  rejected  formally  by 
some  nations,  tacitly  by  the.  rest,  and  is  even  abandoned  by  ite 
friends.     (Pp.  50e-507,  564,  566,  574.) 

15.  That  the  scientific  world  had  accepted  the  metric  system 
long  before  any  government,  except  the  French  and  Dutch,  had 
noticed  it ;  which  is  a  sufficient  indication  that,  had  such  a  course 
been  useful  and  feasible  in  other  lines,  it  would  have  been  adopted 
there  also.     (P.  557.) 

16.  That  the  statements  that  the  bulk  of  the  area  and  popula- 
tion of  civilized  nations  is  metrical,  and  that  our  commerce  is 
mostly  with  metric  nations,  are  wholly  without  foundation ;  that 
the  flimsy  pretense  that  we  cannot  please  our  customers,  when 
we  are  not  even  asked  to  make  our  exports  to  metric  measure- 
ments, is  absurd  as  well  as  false ;  and  that  so  far  from  suffering 
from  the  competition  of  the  metric  nations,  it  is  only  since  their 
first  adoption  of  the  metric  system  that  Anglo-Saxon  supremacy 
has  been  unalterably  riveted  on  the  world.     (Pp.  566-569,  573.) 

17.  That  the  so-called  progress  of  the  metric  system  has  been 
rather  a  retrogression, — the  "  progress  of  bureaucratic  coercion ; " 
that  the  most  backward  nations  were  the  first  to  take  hand  in  it ; 
that  they  are  not  those  from  whom  in  other  things  we  should  wish 
to  copy.     (Pp.  570-572.) 

18.  That,  in  fact,  such  adoption  has  been  merely  nominal  in 
most,  or  in  all  cases,  except  France ;.  that  even  there  the  old 
names  and  the  old  values  are  still  in  daily  use,  and  that  the  gov- 
ernment finds  itself  powerless  to  contend  with  them.  (Pp.  572- 
574.) 

19.  That  the  assertion  that  the  people  ever  agitated  for  a  change 
of  system,  besides  being  baseless,  is  irrational;  because  the 
masses  of  no  country  or  race  can  appreciate  the  differences  be- 
tween systems ;  they  use  what  they  always  have  used,  nor  do  they 
see  any  reason  for  doing  otherwise,  or  why  they  should  require  a 
law  to  enable  them  to  do  so.    (Pp.  575-576.) 

20.  That  the  opinion  of  practical  men  generally  in  America, 
and  of  engineers  in  particular,  approves  the  metric  system  per  se 
only  in  a  few  cases,  and  almost  invariably  deprecates  compulsion. 
(Pp.  551,  676-577.) 

21.  That  we  see  no  signs  of  the  prospective  universality  of  the 
metric  system ;  that,  on  the  contrary,  the  metric  units  seldom  or 
never  find  their  way  into  common  use  in  non-metric  countries. 
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while,  on  the  other  hand,  the  English  inch  is  in  many  things  the 
virtual  standard  of  Europe,  having  fought  its  way  against  every 
kind  of  obstruction ;  and,  in  addition,  Great  Britain,  when  she 
has  taken  a  step,  has  always  gone  in  the  other  direction.  (Pp. 
520,  527-529,  546,  574,  580.) 

22.  That,  waiving  all  these  objections,  abstract  advantages 
must  counterbalance  the  enormous  difficulties  of  a  change,  in 
order  to  imply  the  propriety  of  such  a  step ;  and  that  we  should 
not  be  justified  in  taking  it  without  the  well-decided  concurrence 
of  a  majority  of  our  people.     (Ppi.  535-539,  578-580.) 

23.  That  the  legal  and  political  difficulties  of  such  a  step  are 
enormous;  that  it  is  extremely  doubtful  whether  Congress  has 
either  the  Constitutional  authority  or  the  executive  power  to 
enforce  it ;  that  no  amount  of  legislation  can  change  the  laws  of 
nature.    (Pp.  581-582,  584-585.) 

24  That  a  radical  change  of  the  weights  and  measures  of  a 
nation,  and  particularly  of  oui'  nation,  is,  in  fine,  utterly  impos- 
sible, and  beyond  reason.  (Pp.  582-585.)  I  have  latterly  become 
so  deeply  convinced  of  its  total  impracticability,  that  I  have  even 
felt,  many  times,  that  it  seemed  like  a  slur  upon  the  intelligence 
of  so  practical  a  body,  as  that  I  have  the  honor  to  address,  to  give 
the  subject  so  serious  and  lengthy  a  consideration.  But,  unfor- 
tunately, we  cannot  avoid  the  consequences  of  reckless  legislation, 
which  now  seems  imminent,  nor  the  clamor  of  those,  many  of 
whom  have  given  the  matter  scarcely  more  than  a  passing  thought 

The  metric  writers  appear,  in  many  cases,  almost  fanatical. 
They  repeat  continually  the  old  statements,  without  even  mention- 
ing the  counter  arguments  of  their  opponents — ^far  less  discussing 
them ;  in  most  cases,  it  is  safe  to  say,  they  have  not  even  read 
them.  Among  all  the  numerous  papers  which  I  have  seen  on  this 
subject,  I  remember  but  two  or  three,  where  the  ai^uments  against 
the  metric  system  here  presented,  or  any  of  them,  were  fairly  met 
and  discussed.^    Even  the  most  candid  and  best  informed  of  the 

*"  Unqnestionablj  the  best  of  these  is  that  hy  J.  W.  Nystrom, ''  On  the  French 
Metric  System  "  (J.  Penington,  Philadelphia,  1876),  and  those  of  my  readers  who 
wish  to  read  the  argument  in  rebattal  are  referred  to  it.  Curiously  enough,  Mr. 
Nystrom  is  hintself  unfavorable  to  the  metric  system,  so  that  this  may  be  looked 
on  as  the  gift  of  an  enemy.  Prest.  F.  A.  P.  Barnard,  D.D.,  LL.D.,  devotes  the 
second  half  of  Mr  Address  l)efore  the  University  Convocation  of  the  State  of  New 
York,  1871,  to  *' objections  to  the  metric  syhtem  considered,"  being  a  reply  to 
the  Committee'  report.  He  was  evidently  a  believer  in  the  water  cure.  In  the 
,  Popular  Science  Montldy  for  October,  1896,  is  a  reply  by  Professor  Mendenhall  to 
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metricists  appear  to  be  ignorant  of  their  existence.  Thus  Mr.  Bal- 
four, in  replying  to  the  delegation  led  by  Sir  Henry  Boscoe,  on  No- 
vember 20,  1895,  said  that  "  the  solitary  ai^ument  which  appears 
to  have  been  alleged  on  the  other  side  is  that  the  existing  English 
system  is  a  good  gymnastic  for  the  mind  ; "  and  he  pronounced 
it  "  arbitrary,  perverse  and  utterly  irrational."  Prof.  T.  C. 
Mendenhall,  too,  told  the  Boston  Society  of  Arts  that  "  its  only 
recommendation  is  that  it  has  been  for  many  years  in  customary  i 
or  common  use.  It  is  irrational  in  theory,  irksome  in  practice, 
and  has  been  condemned  by  all  who  are  competent  to  speak  upon 
a  subject  of  this  kind."  ^  Yet  this  sweeping  condemnation  would 
include  Sir  G.  B.  Airy,  Sir  John  Herschel,  Professor  Rankine,  Sir 
Frederick  Bramwell,  Mr.  Herbert  Spencer,  the  many  illustrious 
members  of  the  British  committees,  and  many  well-known  engi- 
neers  on  both  sides  of  the  water, — aU  branded  as  incompetent. 
**It  seems  to  be  admitted,"  says  another,**  "that  the  decimal 
division  is  the  only  perfect  one."  It  really  appears  to  be  the 
general  idea  among  intelligent  men  that  the  only  opposition  to 
the  metric  system  is  based  on  prejudice. 

Of  the  minor  (and  less  moderate)  writers  I  can  speak  but 
briefly.  I  have  already  made  several  quotations  from  them. 
Here  are  a  few  samples : — 

"  If  we  do  not  adopt  the  decimal  system,  we  shall  deserve  even 
greater  reproaches  than  have  been  heaped  upon  the  workmen 
who  destroyed  the  machinery  of  Arkwright  and  his  brother 
inventors."  * 

"  The  sturdiest  opponent  must  admit  that  nothing  is  to  be  gained 
by  postponement  .  •  .  With  a  powerful  public  sentiment  in 
favor  of  the  reform,  it  may  still  be  desirable  that  some  controlling 
voice  [Le.  a  compulsory  law]  should  give  the  signal,"  etc.,  etc.  ^ 

Mr.  Spencer's  objectious  to  the  metric  ajstem  ;  in  which  he  UDdertakes  to  answer 
these  objections.  Some  of  them  he  answers  bj  mere  empty  assertions,  without  a 
particle  of  proof  ;  others  by  holding  up  his  hands  in  blank  astonishment  and 
exclamation  ;  others  by  saying  that  they  need  no  answer  (being,  in  some  cases, 
"  old,  very  old  ") ;  the  rest  (I  regret  to  say)  by  what  almost  amounts  to  epithets. 

•"  Technology  Qwar^Wy, December,  1892,  p.  312. 

•*  Bankers'  Magazine,  New  York,  Vol.  XL,  p.  606. 

•*  Journal  of  Science,  July,  1872,  p.  293. 

••  Paper  circulated  by  Committee  of  Boston  Society  of  Civil  Engineers  ;  see 
Practical  Magazine,  March,  1876,  p.  71.  Of  Mr.  Fred.  Brooks,  one  of  the  mem- 
ben  of  this  committee,  it  is  but  just  to  say  that  he  is  not  a  minor  author,  being 
in  fact  one  of  the  most  active  propagators  of  the  metric  system  that  I  know  of, 
and  well  equipped  for  his  cause.     But  this  production  is  a  very  fair  type  of  the 
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"  The  distinguished  opponents  of  it  (and  there  are  a  few  such 
left)  write  rather  bitterly,  and  with  an  evident  sense  of  working 
for  a  lost  cause,  when  they  appear  against  it."  ^  If  it  is  true  that 
they  "  write  bitterly,"  it  may  be  from  a  sense,  not  of  a  lost  cause, 
but  of  the  calamity  which  would  befall  the  country,  should  sucn 
a  law  as  is  proposed  ever  reach  its  enforcement.  I  could  quote 
a  score  of  such  phrases  from  my  notes  and  from  the  writings  to 
which  I  have  referred. 

Then  it  is  charged  that  those  who  speak  against  the  metric 
system — ^Dr.  Sellers,  for  instance — are  **  interested  parties."  No 
one  whose  interest  is  involved  is  to  be  allowed  to  say  anything. 
'*  To  the  teacher,  the  scholar,  or  the  professional  man,  the  intro- 
duction of  the  metric  system  is  of  the  least  consequence."  It  is 
only  they,  therefore,  who  can  decide  it  impartially  ;  they  only  can 
see  that  "  it  is  the  practical  man  only  who  will  reap  the  great 
advantage  from  the  simplification  of  processes  of  estimates  which 
result  from  the  metric  system."  *^  But  he  cannot  decide  this  for 
himself.  It  has  been -said,  however,  and  with  some  justice,  that 
"  the  experience  of  men,  as  expressed  in  their  systems,  is  a  more 
cogent  and  conclusive  fact,  at  least  to  a  philanthropist,  than  any 
superinduced  state  of  commerce  can  possibly  be."  * 

Our  government  in  this  country  is  neither  socialistic,  nor  pater- 
nalistic. We  are  not  accustomed  to  government  intermeddling 
in  private  affairs,  and  such  would  be  sure  to  experience  strong 
resentment.  "  It  has  ever  been  the  practice  of  the  Anglo-Saxon 
people  to  make  laws  in  conformity  with  customs,  not  to  create 
customs  by  compulsory  laws."  ^^ 

It  may  be  asked  what  course  I  should  recommend  to  Con- 
grees,  since  I  decry  the  metric  system.  I  find  this  paper  has 
now  extended  to  so  great  a  length  that  I  have  no  space  to  devote 
to  this  branch  of  the  subject     But  I  could  hardly  do  better  than 

extravagaDza  we  find,  and  I  on\j  wish  space  would  allow  me  to  quote  the  rest  of 
it.  Mr.  Brooks  insists  that  I  have  spoiled  the  sentence  hj  clipping  off  its  pro> 
visional  clause,  "One  of  the  commonest  remarks  that  we  bear  is  that  its  adop- 
tion is  only  a  question  of  time  ;  if  that  is  the  case,  the  sturdiest  opponent,"  etc. 
As  the  '*  if*'  is  there  proved  to  be  no  if  but  a  fact,  I  cannot  see  how  this  omis- 
sion alters  the  sense. 

•'  W.  H.  White  in  New  York  Nation,  March  5,  1885,  p.  200. 

••  Minority  Report  of  Franklin  Institute  Committee,  J.  Frank.  Ind.,  Vol.  CI.^ 
p.  381. 

»•  J.  M.  Clark  in  Transactions  A.  8.  C.  K,  Vol.  XI..  p.  40a 

""  J.  E.  Hilgard,  loc.  cU. 
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to  repeat  the  parting  warning  of  John  Qoincy  Adams  in  1821 
(which  seems  to  have  been  forgotten) :  "  If  there  be  one  conclu- 
sion more  clear  than  another,  deducible  from  all  the  history  of 
mankind,  it  is  the  danger  of  hasty  and  inconsiderate  legislation 
npon  weights  and  measures."  And  if  there  is  to  be  a  compul- 
sory law  of  dny  kind,  let  it  be  one  compelling  our  national  legis- 
lature to  leave  this  matter  completely  alone,  until  we  can  have  it 
decided  by  a  competent  and  practical  commission  appointed  for 
the  purpose,  and  let  us  not  be  kept  in  a  state  of  perpetual  perspi- 
ration on  account  of  untimely  appeals  and  memorials.  Such  a 
commission  would  scarcely  be  competent  to  recommend  any 
change,  unless  it  were  made  international  with  Great  Britain; 
and  I  see  no  reason  why  it  should  not  be.  For  the  present,  we 
can  get  along  well  enough,  as  we  always  have  dome,  and  managed 
to  obtain  almost  universal  uniformity  among  ourselves  without  a 
single  law  or  penalty  on  the  statute-book. 

The  author  of  this  paper  is  well  aware  that  he  can  lay  but  lit- 
tle claim  to  originality ;  he  has  borrowed  freely  from  others,  his 
aim  being  rather  to  present  what  should  be  useful,  than  what 
was  necessarily  new ;  both  in  a  historical  way,  and  also  a  clear 
statement  of  the  arguments  adduced  on  both  sides,  and  their 
respective  merits.  Neither  can  he  claim  impartiality  ;  although 
no  facts  have  been  consciously  suppressed,  the  whole  paper  is 
one  long  argument ;  the  merits  of  the  case  appearing  too  clear  to 
his  mind  to  admit  of  doubt.  Nevertheless  it  is  with  considerable 
diffidence  that  he  presents  this  paper  for  criticism,  knowing  in 
advance  that  this  is  not  the  fashionable  side  in  these  days  ;  and 
that  not  even  world-famous  men,  who  have  spoken  on  the  sub- 
ject, have  escaped  the  accusation  of  prejudice,  unprogressiveness, 
misoneism,  old-fogyism  ^^^  and  many  similar  isms.  To  such  a 
charge,  his  only  answer  could  be  to  say,  that  the  conclusions  just 
set  forth  are  such  as  he  would  once  scarcely  have  deemed  tenable ; 
and  to  express  the  conviction  that,  notwithstanding  all  the  theo- 
retic beauty  of  the  metric  system,  evolved  by  so  much  labor  and 
at  the  expense  of  so  many  disappointments,  the  experience  of 


**'  Mr.  J.  W.  Nystrom,  writing  to  the  Franklin  Institute  {Journal  Franklin 
InstittiU,  June,  1876,  p.  385)  in  regard  to  their  famous  report  on  the  metric  sys- 
tem, assures  them  that  *'  if  adopted  as  it  now  reads,  it  will  stamp  a  mark  of  old- 
fogyism  upon  the  Franklin  Institute,  which  can  neter  be  wiped  out,  and  under  no 
consideration  can  that  report  accomplish  the  effect  intended  by  its  authors.^*  The 
report  was  adopted. 
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mankind  has  proved,  that  it  is  no  more  worthy  of  universal 
acceptation,  as  a  system  fitted  to  mankind  and  to  their  every-day 
wants, — far  less  to  be  forced  upon  them  to  the  exclusion  of  all 
others, — ^than  the  philosophical  scheme  of  Hegel,  who  built  his 
universe  out  of  abstract  ideas, — a  mere  metaphysical  cobweb  spun 
out  of  the  brain  of  a  philosopher. 


NdU  en  the  Roman  Weights  and  Meamres  (p.  517). — Mr.  Adams  says  that  the 
scale  and  metrical  pounds  were  the  pondo  and  the  libra;  that  ^pondo  of  wine 
made  an  amphora^  and  16  librae  of  wheat  a  modiue;  and  he  quotes  from  Arbuth- 
not  the  ratio  of  the  libra  to  the  pondo  as  84  to  100.  But  on  this  point  Mr.  Adams 
is  certainly  In  error ;  as  is  easily  seen  by  the  fact,  that  his  statements  are  contra- 
dictory. For  an  amphora  of  80  pondo  of  wine  wonld  weigh  95  librae  ;  and  as  d 
modU  made  an  amphora,  the  amphora  of  wheat  would  weigh  only  48  librae,  which 
would  make  wine  nearly  twice  as  heavy  as  the  same  volume  of  wheat.  The  fact 
is,  that  as  applied  to  weight,  the  libra  was  identically  the  same  with  the  pondo/ 
the  latter  being,  in  fact,  nothing  more  than  an  adverbial  locution  meaning  "by 
weight,"  and  libra  being  tacitly  understood.  It  was  only  as  applied  to  money 
that  it  came  to  mean  anything  different,  viz.,  a  coin,  which  varied  in  weight 
according  to  the  pecuniary  needs  of  the  ruling  power. 

But  Mr.  Adams's  chief  source  of  error  is  a  misconstruction  of  the  Silian  law 
(of  B.  c.  244),  which  says,  "  Sextariua  aequus  aequo  eum  librario  8i€t,  sexdeeim- 
que  in  modio  librarii  stent;  i.e.,  sixteen  librarii,  not  sixteen  librae,  make  a 
modius.  The  librarius  is  an  almost  unknown  weight,  and  is  apparently  never 
mentioned  by  classical  writers,  so  that  it  must  early  have  disappeared  from  use, 
being  replaced  by  the  libra  (the  Romans  preferred  the  duodecimal  division).  We 
can,  however,  arrive  at  its  ratio  to  the  libra  by  the  following  considerations. 
Pliny  has  given  a  list  of  the  weight  of  various  average  samples  of  wheat  from 
different  portions  of  the  empire,  varying  from  20  to  21}  librae  to  the  modius  ;  his 
average  is  25f)  unda^,  or  20f  librae.  But  as  this  was  equal  to  16  librarii,  there- 
fore a  Ithrarius  was  equal  to  ^j^,  or  practically  J,  of  a  libra,  that  is,  16  uneiae. 
Hence,  as  the  Roman  uncia  is  the  avoirdupois  ounce,  the  librarius  is  therefore 
the  avoirdupois  pound,  which  thus  reappears  on  the  stage  of  human  affairs  as 
mysteriously  as  it  disappeared  shortly  after,  and  again  reappeared  in  later  ages. 

Again,  taking  Pliny's  average,  an  amphora  of  3  m^>dii  filled  with  wheat  would 
weigh  3  X  20S  =  62^  librae ;  which  is  the  number  of  pounds  of  water  in  a  cubic 
foot,  or  of  librarii  of  wine  in  the  same  amphxyra,  and  may  suggest  a  reason  why 
this  number  has  been  substituted  in  our  own  measure  for  the  more  proper  and 
convenient  64. 

As  regards  the  subdivisions  of  the  Roman  weights  and  measures,  the  libra 
(=  12  ounces  avoirdupois,  nearly)  was  divided  into  12  unHae,  the  uncia  into  3 
dueUae,  4  sicUici,  6  sextulae,  or  8  drachmae  ;  the  sicilicus  into  12  oboli;  the  obolus 
into  12  lentes  (there  were  also  a  few  other  denominatious).  The  pes  (foot  =  11.60 
English  inches)  received  a  similar  divisij»n  into  12  uneiae  ;  but  by  another  mode, 
into  4  palmi ;  the  palmus  into  4  digiti;  the  digitus  into  4  grani.  Five  feet 
were  a  passus,   and  1,000  passus  a  mille  passuum,  or  mile. 

The  unit  of  liquid  capacity,  the  congius  (=  207  English  cubic  inches),  was 
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divided  into  6  teasia/ni;  the  MStoritM  into  9  heminae,  4  qwprtmi,  8  cteekUnUi,  or 
12  cyathi;  the  cyathua  into  4  ligvlas,  2  eon^'  were  an  tima.  and  8  an  amphora. 
The  unit  of  diy  capacity,  the  modius  (=  552.2  cubic  inches,  almost  exactly  1  Eng- 
lish peck),  was  of  16  sextarU;  the  MXtarius  and  its  sabdivisions  were  the  same  as 
for  liquids.  8  modU  were  considered  equal  to  an  amphora,  which,  however,  was 
called  trimodium  in  dry  measure. 

With  regard  to  time,  they  divided  their  day,  of  coarse,  as  well  as  the  night, 
into  twelve  hours,  and  even  their  hours,  like  their  pound,  into  12  untiae  and  48 
$ietlici.  But  the  night  generally  was  of  4  watches.  (See  Arbuthnot,  Ancient 
Coins,  Weights  and  Measures.) 

In  glancing  over  these  numerical  relations  it  is  instructive  to  note  how  the  duo- 
decimal division,  though  not  complete,  has  gained  a  very  decided  supremacy  over 
every  other.  The  numbers  2,  8,  4,  6  and  12  embrace  the  great  majority  of  the 
subdivisions.  Nevertheless  the  octonary  system  crops  out  in  places,  and  in  the 
English  system  seems  to  have  got  the  upper  hand  in  many  respects.  A  good  exam- 
ple of  this  is  the  English  division  of  the  inch  into  sixteenths,  whereas  the  com 
mon.  continental  and  older  English  division  is  into  12  lines  and  72  or  144  points. 
In  fact  the  whole  history  of  weights  and  measures  presents  a  continual  struggle 
for  supremacy  of  these  two  systems,  in  which  the  decimal  system  cuts  no  figure 
worth  mentioning,  except  for  coinage,  as  among  ourselves.  Yet  the  Romans  had 
their  denarius  of  10  asses,  the  Greeks  their  mina  of  100  drachmae,  weights  for 
money  and  a  few  other  special  cases,  which  they  might  have  used  for  all,  had  it 
been  convenient.  Nor  can  it  be  said  that  this  did  not  occur  to  them  ;  nor  that 
the  decimal  division  did  not  have  a  fair  chance  ;  for  decimal  systems  in  past  his- 
tory have  occasionally  sprung  into  existence,  lived  for  a  while,  and  died,  while 
the  duodecimal  and  octonary  have  remained.  Thus,  the  ancient  British  division 
of  10  fathoms  to  the  chain,  10  chains  to  the  furlong,  and  10  furlongs  to  the  mile 
(see  Encyc,  Brit,,  Vol.  XXIV.,  p.  484),  which  existed  before  the  tenth  century,  has 
utterly  vanished,  having  been  "driven  out  by  the  12-inch  foot."  Even  our  mod- 
em chain,  invented  in  the  seventeenth  century  by  Gunter,  for  a  purpose  to  which 
the  decimal  division  is  specially  applicable,  is  fast  disappearing,  being  replaced 
by  the  100-foot  tape  ;  because,  although  it  fits  very  nicely  with  the  square  meas- 
ure, it  does  not  fit  at  all  with  the  linear,  and  yet  has  had  no  influence  whatever 
in  altering  the  latter. 

It  is  quite  true  that  the  eastern  nations,  China  and  Japan, — nations  till 
recently  ontside  the  pale  of  international  commerce, — are  said  to  use  a  decimal 
system;  but  its  regularity,  etc.,  furnish  a  strong  suspicion  of  its  having  been 
tampered  with  by  governmental  authority,  as  our  system  has  in  Europe.  It 
would  l>e,  at  all  events,  fitting  to  wait  until  we  can  know  definitely  its  origin  and 
its  success  as  a  system,  before  drawing  any  conclusions  whatever  from  this  as  to 
ourselves. 


DISCUSSION. 

Mr.  William  Kent — This  is  the  first  attack  on  the  metric 
system  that  has  been  brought  to  my  attention  in  the  last  fifteen 
years,  and  I  am  surprised  that  it  should  have  emanated  from 
Boston,  where  the  Society  of  Civil  Engineers  of  Boston  have 
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declared  themselves  in  favor  of  that  system.*  I  am  surprised, 
moreover,  that  it  should  have  emanated  from  a  young  man,  a 
recent  graduate,  I  suppose,  from  a  technical  school,  where  the 
professors  are,  with  some  exceptions,  bound  to  cram  the  metric 
system  into  everybody.  It  was  drilled  into  me  by  the  professors 
in  the  high  school,  and  I  got  some  of  it  in  college,  and  when  I 
graduated  I  do  not  know  but  that  I  was  something  of  a  metric 
crank.  About  sixteen  years  ago,  when  I  lived  in  Pittsburgh  and 
was  a  member  of  the  Engineers'  Society  of  Western  Pennsylvania, 
the  president  of  that  society,  Mr.  William  Metcalf,  came  to  me 
and  said :  "  I  want  you  to  write  a  paper  against  the  metric 
system.  These  people  are  coming  here  and  trying  to  upset  our 
business."  I  said  :  "  I  don't  see  how  I  can  write  a  paper  against 
the  metric  system,  for  I  am  already  on  record  in  favor  of  it." 
"  Well^"  he  said,  "  I  don't  care  whether  you  are  on  record  in 
favor  of  it  or  not ;  but  you  go  ahead  and  write  a  paper  either  in 
favor  of  it  or  against  it,  and  that  will  be  what  we  want — ^to  draw 
out  discussion."  So  I  began  writing  a  paper  on  the  metric  system, 
which  was  printed  in  the  Transactions  of  the  Engineers'  Society  of 
Western  Pennsylvania,  Yolume  I.  And  as  I  did  not  want  to  write 
a  paper  out  of  my  inner  consciousness,  I  went  to  the  documents. 
I  took  the  reports  of  John  Quincy  Adams  and  the  congressional 
report  of  1879,  and  the  result  was  I  wrote  a  paper  on  the  metric 
system,  in  concluding  which  I  expressed  an  opinion  similar  to 
that  of  Ensign  Stebbins  on  the  Maine  liquor  law  :  I  was  in  favor 
of  the  law  but  against  its  enforcement.  I  then  took  the  stand 
that  it  would  be  easier  to  teach  all  the  world  one  universal  lan- 
guage than  to  teach  the  artisans  of  the^  English-speaking  races  to 
dispense  with  the  two-foot  rule  and  the  English  inch.  Every  year 
or  two  I  get  a  petition  for  me  to  sign  and  send  to  members  of 
Congress  asking  that  the  metric  system  be  adopted  ;  and  the  last 
petition  that  came  in  was  for  the  compulsory  enforcement  of  that 
system.  There  has  been  a  propaganda  established  in  this  coun- 
try, composed  mostly  of  college  professors,  of  closet  philosophers, 
and  of  men  who  have  been  educated  abroad,  and  with  whom  the 
metric  system  has  become  part  of  their  life.     These  men,  for  ten 

♦This  is  not  the  first  hereby  that  has  emanated  from  Boston.  Mr.  A.  B.  Tay- 
lor, an  advocate  of  tlie  octonary  system,  was  from  Boston,  and  Mr.  J.  W. 
Xystrom,  C.  £.,  inventor  of  the  "  tonal  "  system  having  16  for  the  base,  says, 
••I  suppose  I  must  follow  the  track  of  Mr,  Taylor,  and  go  to  Boston  to  get  my 
tonal  system  appreciated." — C. 
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or  twenty  years  or  more,  have  been  petitioning  Congress  and  have 
been  trying  to  educate  public  sentiment  in  favor  of  the  metric 
system.  They  have  failed  to  create  the  public  sentiment,  and  are 
now  trying  surreptitiously  to  have  this  compulsory  law  passed 
without  the  people's  knowledge.  It  is  high  time  that  a  propa- 
ganda be  established  against  the  metric  system,  and  fortunately  it 
is  going  to  be  a  very  easy  matter  to  do  it.  All  we  have  to  do  is 
to  see  that  this  paper  of  Mr.  Colles'  is  printed  and  reprinted  for 
the  next  ten  or  twenty  years,  and  put  into  the  hands  of  every 
congressman  and  senator.  If  any  congressman  studies  this  paper 
he  will  never  then  try  to  pass  a  compulsory  law  in  favor  of  the 
metric  system. 

Dr.  Le(yiiard  Waldo. — I  rise  also  to  confession.  I  used  to  be 
wholly  in  sympathy  with  those  to  whom  Mr.  Kent  so  disrespect- 
fully  and  irreverently  refers,  and  I  was  from  time  to  time  a  mem- 
ber of  committees  for  the  propagation  of  these  reformatory  doc- 
trines. There  are  precedents  for  changing  one's  views  as  to  the 
desirability  of  compulsory  shop  use  of  the  metric  system.  The 
earth  itself  was  the  first  to  get  out  of  the  scrape.  As  soon  as  she 
found  that  her  dimensions  were  inextricably  mixed  up  with  the 
metric  system,  she  changed  them,  and  she  changes  them  every 
year  ever  since  lest  she  should  be  again  cornered  in  that  way. 
I  am  of  that  large  class  whose  foot  is  divided  into  twelve  inches 
and  whose  inch  is  divided  in  tenths,  hundredths,  and  thousandths. 
I  am  very  grateful  to  the  two-foot  rule,  but  I  would  like  also  to 
have  an  edge  of  it  with  tenths  of  inches,  so  that  when  a  man  gets 
a  sheet  of  metal  or  wrought  iron  or  tube  sent  to  him  we  will 
have  some  means  of  knowing  just  exactly  what  the  man  does 
want.  Next  to  a  petition  in  favor  of  the  compulsory  use  of  the 
metric  system  I  think  I  dislike  most  receiving  a  petition  to  advo- 
cate a  new  gauge.  We  all  of  us  have  a  beautiful  record  of  gauges 
which  accomplish  various  difficult  things.  I  think  it  was  Sir 
Joseph  Whitworth  who  said  that  if  the  metric  system  had  got  to 
come,  make  the  metre  forty  inches  long  and  divide  it  into  400 
parts ;  a  suggestion  which  rather  grows  on  one  as  he  thinks  of  it. 

Mr.  Robert  y,  Fairbanks. — Before  this  paper  is  printed  and 
reprinted  so  many  times,  I  would  suggest  that  a  good  many  of 
the  palpable  errors  in  it  be  corrected.  In  the  first  place,  on  page 
535,  the  writer  has  to  go  away  back  to  1877  to  get  reports  from 
the  departments  in  favor  of  the  duodecimal  system.  If  the 
writer  had  taken  the  reports  from  the  departments  last  year  and 
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the  year  before  he  would  have  found  that  only  one  department^ 
and  that  the  Department  of  the  Interior,  had  reported  adversely 
to  the  metric  system*  All  the  others  favored  the  adoption  of  the 
metric  system  in  the  United  States. 

On  page  542  the  statement  is  made  that  the  Republic  of  Mexico 
is  extending  the  metric  system,  implying  that  it  is  not  in  use 
there.  The  facts  of  the  matter  are  that  during  the  last  year  the 
Eepublic  of  Mexico  has  adopted  the  metric  system  and  enforced 
it.  The  enforcement  was  attended  with  no  prejudicial  results  to 
the  commerce  of  the  country.  As  soon  as  the  people  saw  that 
the  matter  was  going  to  be  enforced  they  took  it  up.  It  was  car- 
ried out  by  the  government,  and  there  is  at  present  no  State  in 
Mexico  where  the  people  are  not  doing  their  business  by  the 
metric  system  and  employing  it  for  all  their  transactions.  My 
remarks  are  based  on  personal  observation  within  the  last  two 
months. 

On  page  545  it  states  that  no  country  has  adopted  the  metric 
system  for  the  past  twenty  years.  I  may  refer  to  the  Bepublic 
of  Uruguay,  which  adopted  the  metric  system  and  passed  a  very 
complete  and  successful  law  on  the  subject  in  1893. 

On  page  568  all  the  countries  in  the  right-hand  column  are  con- 
trasted with  the  countries  in  the  left-hand  column  which  are 
using  the  metric  system.  In  fact,  those  in  the  right-hand  col- 
umn are  using  at  least  three  different  systems,  and  the  systems 
of  the  West  Indies  and  Japan  and  Russia  and  the  Philippine 
Islands  and  Denmark  are  all  of  them  different  from  the  English. 
So  that  there  is  no  basis  at  all  for  comparison  of  the  totals  of  the 
two  columns  as  representing  the  metric  and  the  English  systems 
respectively. 

Then,  at  the  bottom  of  page  568,  it  is  stated  that  "  Central 
America,  Spain,  Venezuela,  Dutch  East  Indies,  Chili,  Colombia, 
Uruguay,  Egypt  and  Peru  are  metric  countries  either  only  in 
name  or  only  for  some  special  purpose."  The  fact  is  that  in 
Uruguay  no  other  weights  and  measures  except  those  of  the 
metric  system  are  used  at  all,  and  that  in  Central  America,  Chili, 
and  Colombia  no  weighing  machines,  for  instance,  are  allowed 
unless  they  use  the  metric  system. 

Mr.  Ed.  J.  Willie. — No  one  familiar  with  shopwork  would 
probably  recommend  the  adoption  of  the  metric  system  in  the 
shops  of  this  country.  But  there  is  a  tone  in  the  conclusions  of 
this  paper  to  which  I  would  like  to  call  attention.     Our  Society 
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was  treated  verj-  courteously  in  France.  I  was  not  among  the 
party,  but  I  know  that  I  went  over  there  as  a  member  and 
received  every  courtesy.  I  think  that  the  first  conclusion  of  this 
paper  sounds  a  little  unfortunate :  "  That  the  metric  system  was 
evolved  by  a  party  of  scientists  of  no  practical  experience,  during 
a  whimsical  period  of  a  whimsical  country,  and  was  the  child  of 
metaphysical  abstractions  coupled  with  violence."  I  do  not  think 
it  is  necessary  for  the  Society  to  publish  conclusions  like  the  above. 
The  question  should  be  discussed  on  its  own  merits,  and  such 
references  as  the  above  avoided. 

Mr.  A.  L.  Bohrer, — I  am  inclined  to  think  that  there  are  two 
sides  to  this  question  after  all.  If  we  consider  our  own  business 
in  this  country,  perhaps  the  question  need  not  be  discussed,  and 
we  would  be  willing  to  hold  to  our  own  institutions  and  to  our 
own  ideas  ;  but  if  any  gentleman  here  present  has  had  occasion  to 
sit  down  and  scan  drawings  which  are  dimensioned  according  to 
the  metric  system,  I  think  he  would  realize  that  there  is  a  little 
more  in  this  than  we  would  at  first  think.  It  so  happens  that  in 
my  experience  I  have  had  occasion  to  exchange  drawings  with 
factories  in  France  and  Germany,  and  have  almost  come  to  the 
conclusion  that  if  these  countries  found  that  they  could  make  the 
change  and  get  along  so  easily  with  the  metric  system,  that  there 
might  be  some  advantage  in  it  for  us. 

This  paper  which  we  have  just  heard  read,  has  been  very  well 
prepared,  and  there  are  evidences  of  a  careful  study  of  the  ques- 
tion, yet  I  think  it  merits  a  little  more  consideration  than  we  have 
given  it  to-day.  I  would  very  much  dislike  to  have  the  Society 
at  the  present  time  go  on  record  as  being  opposed  to  the  intro- 
duction of  the  metric  system  in  the  United  States,  inasmuch  as 
there  are  practical  sides  to  the  question. 

Some  time  ago,  in  discussing  this  matter  with  a  gentleman  who 
happened  to  be  in  France,  in  Germany,  and  in  Switzerland,  em- 
ployed in  factories  there  when  the  change  was  made,  he  stated  that 
the  change  from  one  system  to  the  other  was  accomplished  with 
very  little  inconvenience.  They  knew  far  in  advance  that  it  was 
coming  and  were  well  prepared  for  it,  so  that  the  workmen 
accommodated  themselves  to  the  new  system  much  quicker  than 
they  had  anticipated.  No  doubt  this  would  be  our  experience 
here,  if  the  change  should  ever  be  made. 

As  I  have  stated  before,  if  we  had  no  business  relations  with 
the  countries  using  the  metric  system,  if  we  did  not  work  to  each 
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other's  drawings  and  specifications,  it  would  not,  perhaps,  be  of  so 
much  importance  to  us.  I  disagree  with  some  of  the  speakers 
that  the  question  is  entirely  theoretical.  The  colleges  and  college 
professors,  perhaps,  as  a  rule,  might  be  in  favor  of  it,  but  I  think 
we  can  find  practical  men  who  are  also  inclined  to  favor  it. 

Some  of  the  tables  which  have  been  prepared  by  the  author  of 
this  paper  I  think  might  be  modified  slightly.  On  page  567 1  no- 
tice that  in  the  right-hand  column  countries  are  mentioned  which 
are  not  of  great  commercial  importance.  For  instance,  China  with 
405,000,000  ;  British  India  with  221,000,000  ;  or  a  total  of  626,000,- 
000,  which,  if  subtracted  from  the  total  of  the  column,  911,000,- 
000,  would  leave  285,000,000  as  the  population  of  non-metric 
countries.  In  the  left-hand  column  we  might,  for  the  same  rea- 
son, omit  Turkey  with  32,000,000,  which,  if  subtracted  from  the 
total  of  279,000,000,  would  leaye  247,000,000.  The  difference 
between  the  two  columns  would  amount  to  very  much  less.  I 
notice  that  the  writer  has  placed  Russia  in  the  non-metric  column. 
I  have  been  informed  that  the  metric  system  is  used  to  considerable 
extent  in  the  manufactures  throughout  that  country,  although  it 
is  not  enforced  legally.  The  railroads,  which  are  patterned  essen- 
tially after  our  American  system,  still  retain  the  two-foot  rule. 

I  am  not  ready,  as  yet,  to  put  myself  on  record  as  favoring  the 
introduction  of  the  metric  system  into  the  factories  of  this  country ; 
but  I  really  think  it  of  sufficient  importance  to  give  the  matter 
careful  consideration  before  the  Society  places  itself  on  record, 
either  in  favor  of  or  against. 

Mr.  F,  H.  Richards, — It  happened  that  I  was  in  France  with 
the  engineers'  touring  party  in  1889,  and  that  I  found  that  halves 
and  quarters  were  then  spoken  of  quite  as  freely  as  tenths  and 
multiples  of  tenths,  among  the  common  people  that  we  had  to  do 
business  with  in  going  to  and  from  the  exhibition.  It  seems  to 
me  there  are  two  very  important  points  in  this  matter :  one  is 
practical  and  one  is  legal.  Since  the  time  of  Mr.  Kent's  paper 
(which  I  have  no  doubt  would  be  very  interesting  in  connection 
with  the  present  one)  there  has  been  a  very  illuminating  decision 
made  by  the  United  States  Supreme  Court  on  the  inability  of  the 
government  to  tax  the  income  from  real  estate,  and  it  seems  to 
me  the  same  doctrine  applies  here.  I  am  one  of  those  who  believe 
that  the  Federal  government  of  these  United  States  has  no  legal 
power  to  fix  any  standard  of  weights  and  measures  except  in  its 
own  affairs  and  its  own  departments.     I  have  talked  with  some 
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of  our  congressmen  in  New  England  and  I  find  that  almost  uni- 
formly they  agree  with  me.  Last  winter  I  was  told  that  it  was 
the  sense  of  Congress  at  that  time  that  it  had  no  power  to  substi- 
tute one  system  of  weights  for  another ;  but  if  they  found  the 
people  using  one  kind  of  measure  Congress  could  fix  the  standard 
of  that  measure,  so  that  all  the  people  throughout  the  United 
States  might  do  business  on  the  same  basis.  I  speak  of  that 
because  this  congressman  is  a  man  who  is  very  well  known. 

One  thing  we  sometimes  forget  in  discussing  the  so-called 
metric  system  is  that  the  metric  system  is  not  a  decimal  system  at 
all  except  incidentally.  "We  might  have  any  number  of  decimal 
systems.  "We  might  have  something  better  or  something  worse 
than  the  present  metric  system.  "What  distinguishes  the  metric 
system  is  not  the  decimal  feature  but  its  peculiar  standard,  and 
although  that  standard  has  made  a  great  deal  of  trouble  already, 
I  should  like  to  see  some  improvement  in  the  present  English  sys- 
tem of  measures.  In  the  English  standard  we  have  one  which 
seems  to  me  to  need  no  improvement.  It  is  about  as  definitely 
fixed  as  it  is  possible  to  fix  any  standard,  but  even  if  I  was  an 
advocate  of  the  adoption  of  the  French  metric  system,  I  would  not 
feel  at  liberty,  as  a  citizen  of  the  United  States,  to  sign  a  memorial 
to  Congress  to  adopt  a  system  to  displace  the  one  now  used,  or 
to  restrict  the  freedom  of  American  citizens  in  the  use  of  any 
standard  they  pleased.  Congress,  as  I  understand  it,  has  not  the 
power  under  the  constitution  to  adopt,  much  less  to  enforce, 
any  such  law. 

I  merely  want  to  add  to  what  I  have  said  that  I  think  the 
experience  of  some  of  our  engineers  who  have  gone  to  France  and 
Germany  to  take  charge  of  manufacturing  there  may  be  interest- 
ing. They  have  found  that  in  a  very  short  time  they  lost  sight 
entirely  of  the  two-foot  rule  and  of  eighths  and  sixteenths,  and 
are  able  to  go  along  with  the  metric  system  without  any  diflBculty 
whatever.  We  have,  in  a  few  cases,  sent  workmen  over  there — 
ordinary  mechanics — and  while  I  have  not  discussed  the  matter 
with  them,  I  have  learned  incidentally  that  they  had  no  difficulty 
in  changing  from  one  to  the  other,  although  they  had  the  eighths 
and  sixteenths  thoroughly  fixed  in  their  minds  ;  so  that  I  think 
we  can  say  that  the  practical  difficulties  would  not  be  so  great  as 
some  suppose. 

Mr.  Ous  C.  Henning, — I  do  not  wish  to  advocate  either  system, 
for  the  reason  that  we  are  not  ready  to  do  anything,  anyway. 
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But  there  are  several  conclusions  and  tables  given  which  ought  to 
be  criticised.  One  of  these  conclusions  I  would  like  to  call  par- 
ticular attention  to,  and  I  wish  to  ask  where  at  any  point  you  can 
find  evidence  that  the  English  inch,  as  stated  in  conclusion  21, 
page  587,  is  the  virtual  standard  of  Europe. 

I  know  I  have  seen  Brown  &  Sharpe's  inches  over  there  as 
curiosities  of  perfection  of  American  workmanship.  I  have  been 
abroad  some,  but  I  have  never  heard  of  the  English  inch  being 
used  as  a  standard  in  any  of  the  countries  that  I  have  visited 
except,  of  course,  England. 

Mr.  Schumann. — I  desire  to  correct  a  statement  on  page  577 
which  implies  that  the  Engineers'  Club  of  Philadelphia  took 
action  unfavorable  to  the  adoption  of  the  metric  system.  But 
Philadelphia,  being  a  little  slow,  required  eight  years  to  recognize 
the  fact  that  the  world  was  becoming  more  cosmopolitan,  and 
within  the  last  year,  resolutions  have  been  adopted  by  the  above 
club  favoring  the  metric  system.  The  discussion  at  the  time 
brought  out  the  fact  that  but  few  men  then  operated  with  duo- 
decimals, such  as  sixteenths  or  eighths.  Nearly  every  one  had 
adopted  a  decimal  subdivision  of  some  kind. 

Whether  we  use  36  or  37  inches  as  a  unit  is  immaterial,  although 
the  tendency  is  toward  a  uniform  standard  which  will  be  adopted 
throughout  the  world  sooner  or  Jater. 

Prof.  Jno.  E.  Sweet. — Just  one  word  in  regard  to  the  way 
the  thing  works  in  practice.  We  have  recently  taken  a  contract 
to  do  some  work  for  a  large  concern  in  Belgium.  They  sent  us 
drawings,  and  the  studs  were  marked  19  millimetres  in  diameter. 
The  drawings  did  not  give  the  pitch  of  the  thread,  so  we  sent  for 
a  French  tap  to  make  our  studs  correspond  with  theirs.  They 
wrote  back  that  19  millimetres  meant  nothing  more  or  less  than 
a  three-quarter-inch  Whitworth  tap. 

Mr.  Gu8  C.  Hennivg. — The  very  title  of  the  paper  is  incorrect 
and  misleading,  as  it  should  read :  "  The  Metric  versus  the  Eng- 
lish system."  It  is  improper  to  call  the  English  system  the 
duodecimal,  because  the  two  have  no  similarity ;  and  while  the 
latter  is  of  great  service,  symmetry,  and  beauty,  and  is  rational,  the 
former  is  just  the  reverse,  being,  in  my  judgment,  arbitrary,  incon- 
gruous, irrational,  clumsy,  and  not  even  uniform  in  England  proper. 

The  argument  on  page  564  that  the  metric  system  cannot  be  en- 
forced among  the  people  because  of  its  absurd  or  difficult  nomen- 
clature is  not  sound ;  it  is  not  necessary  to  use  or  apply  the  names 
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of  higher  multiples  of  the  unit  standard  any  more  than  we  use 
the  names  "  double  eagle"  or  pounds,  shillings,  and  pence;  for  we 
use  the  dollar  to  any  amount,  as  the  British  invariably  drop  the 
names,  merely  saying  five,  seven,  and  six,  when  he  means  five 
pounds,  seven  shillings,  and  sixpence ;  what  have  names  to  do 
with  bookkeeping,  as  suggested  on  page  565  ? 

But  let  us  examine  the  table  on  page  567  from  a  reasonable 
point  of  view,  on  the  basis  of  the  only  possible  proper  compari- 
son. The  author  compares  population  of  metric  and  non-metric 
nations  and  includes  all  peoples  whether  Indians,  barbarians,  or 
anything  else,  instead  of  comparing  such  peoples  only  who  have 
"  standards  "  of  any  kind. 

It  is  a  well-known  fact  that  in  China  weights  and  measures  are 
almost  unknown  among  the  people^  and  that  each  governor  has 
the  royal  prerogative  of  establishing  his  own  values.  In  India 
conditions  are  similar,  and  comparing  the  population  of  peoples 
and  that  part  thereof  who  habitually  use  weights  and  measures, 
this  table  should  read  as  follows : 


Population   in  Millions. 


Metric. 

Germany 49.428 

Aostro-HnngarT 41.285 

France 38.848 

Turkey  (including  Egypt) 82.212 

Italy 80.947 

Spain 17.545 

BrazU 14.002 

Mexico 11. 683 

Scandinavia 6.786 

Belrimn 6.069 

Netherlands 4.511 

Portugal 4. 307 

Switzerland 2.918 


Total 259.986 


Non-metrie. 

British  India 6.000 

United  States 62.882 

Japan 40.458 

United  Kingdom 87.879 

Philippine  Ulanda 1.000 

West  Indies 2.000 

Canada 4.888 

British  Aastralasia 0.600 

Denmark 2.172 

Britisli  Africa 1.150 

Newfoundland  and  Labrador. .  0.202 


Total 168,021 


The  table  in  this  rational  form  puts  a  totally  different  aspect 
on  the  question,  and  the  conclusion,  top  of  page  568,  must  be  ex- 
actly reversed.  In  civilized  Russia  the  metric  system  is  in  use 
as  well  as  in  all  international  relations  and  matters,  hence  it  is 
dropped  from  the  table  altogether. 

The  tables  on  page  569  are  equally  misleading,  as  a  vast  propor- 
tion of  commerce  of  metric  countries  is  carried  by  ships  carrying 
the  British  flag,  although  not  properly  British  tonnage,  as  given 
in   Commercial   Year  Book,     The  figures  given  are  used  for  a 
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definite  •  purpose,  without  discrimination  or  proper  knowledge  of 
their  bearing  on  the  question  discussed. 

Our  own  consuls  have  reported  frequently  that  our  foreign 
commerce  is  seriously  hampered  by  our  failure  to  use  metric 
standards,  and  will  not  assume  proper  proportions  until  they  are 
generally  introduced.  In  trade  the  seller  must  suit  himself  to 
the  buyer. 

Now,  while  the  author  has  carefully  rehearsed  all  attempts  to 
introduce  the  metric  system  in  Great  Britain,  the  United  States, 
and  France,  he  totally  ignores  the  successful,  rapid,  and  peaceful 
change  made  in  Germany,  where  it  has  taken  only  one  generation 
to  almost  produce  oblivion  of  all  previous  systems,  in  spite  of  his 
assertion  that  the  English  inch  is  still  the  only  standard.  Of 
course,  when  explaining  to  English-speaking  persons  what  19 
millimetres  means,  he  will  always — remembering  their  unfamili- 
arity  with  the  metric  system — say  "  about  one  inch  ;  "  but  they 
never  use  any  such  measure,  nor  can  one  be  found.  As  to  the 
common  people,  who  from  childhood  hear  of  nothing  but  metres 
and  kilos,  they  use  no  others,  in  spite  of  the  author's  statements 
to  the  contrary,  as  I  have  learned  through  personal  experience. 
Why  does  not  the  author  explain  how  little  friction  has  occurred 
in  Germany,  the  most  important  metric  country  ?  He  carefully 
omits  all  of  these  facts,  while  he  makes  much  of  the  troubles  had 
in  France  during  a  period  which  is  unique  in  the  history  of  the 
world. 

When  a  German  speaks  of  his  "  schoppen  bier ''  he  means  a 
particular  vessel  rather  than  quantity  ;  but  the  fact  is  that  he 
rarely  uses  this  term,  as  the  term  one-half  liter  is  much  more  com- 
mon, and  all  glasses  and  jugs  are  thus  marked.  If  the  author 
gives  prominence  to  "  pfund,"  "  zoU,"  "  strich,"  etc.,  etc.,  why  does 
he  not  call  attention  to  the  absurdity  of  the  40  various  bushels,  36 
yards  and  ells,  12  hundredweights,  7  stones,  etc.,  etc.,  in  common 
use  in  Great  Britain  ?  He  should  at  least  have  been  just  and 
fair  and  not  exaggerate,  as  he  does  throughout  the  paper,  and  the 
assertions  made  by  his  friends,  one  of  whom  states  that  he  "  thinks 
in  measuring  distance  they  use  the  word  league  in  France,"  are 
not  worthy  of  credence,  as  the  kilometer  is  in  universal  use  even 
in  Germany,  although  old  people  will  still  talk  of  "  stunden " 
(hours),  never  having  lost  the  habit  of  thinking  of  distance  by 
time  required  to  reach  the  same  afoot.  I  do  not  think  that  such 
statements  should  stand  unchallenged. 
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Now  let  US  look  at  the  24  conclusions  drawn  by  the  author. 
Nos.  1,  2,  4,  6,  7,  8,  11, 12, 13,  16,  16, 17,  18,  20,  23,  24  are,  in  my 
judgment,  either  wholly  or  partly  erroneous,  based  on  lack  of 
information,  false  statements  of  others,  or  incorrect  knowledge. 
No.  19  is  partially  wrong,  for  in  England  the  various  Boards  of 
Trade  are  constantly  agitating  the  simplification  of  weights  and 
measures  due  to  friction  and  trade  causes  by  lack  of  uniformity. 
No.  20  is  only  true  in  non-metric  countries,  because  in  France, 
Germany,  etc.,  etc.,  all  industries  and  trade  are  carried  on  by  the 
sole  use  of  the  metric  standards.  No.  21  is  only  partly  correct,  as 
it  is  not  true  that  the  English  inch  is  at  all  used  as  a  standard  in 
metric  countries.  No.  23  is  very  questionable,  as  proven  by  Ger- 
many, where  political  difSculties  did  not  arise  and  legal  difficulties 
were  readily  adjusted.  No.  24  is  unwarranted,  as  it  cannot  be 
said  that  the  introduction  of  the  metric  system  in  this  country 
•'  is  utterly  impossible  and  beyond  reason "  until  it  shall  have 
been  tried. 

Mr.  Qeo.  W.  CoUes,^ — There  have  been  a  number  of  criti- 
cisms made,  and  in  order  to  treat  them  all  I  shall  have  to  be 
brief  in  my  answers.  I  would  premise,  however,  that  some  of 
these  criticisms  are  already  answered  in  the  paper,  as  will  be 
found  on  a  more  careful  perusal.  For  instance,  it  seems  to  have 
been  supposed  that  the  conclusions  on  pages  685  to  538  were 
intended  for  arguments,  whereas  they  are  intended  only  for  a 
syllabus  of  the  paper,  as  presented  on  the  previous  pages.  In 
order  to  make  this  clear,  I  have  appended  to  each  conclusion  the 
pages  to  which  it  principally  refers.  Other  criticisms  are  based 
on  a  misconception,  and  I  have  been  made  to  say  what  I  never 
did  say. 

Several  of  the  criticisms  refer  to  my  tables  on  pages  567  to  569. 
These  tables  were  prepared  to  refute  the  statements  which  are 
being  made  and  circulated  by  metricists,  mentioned  on  page  567, 
to  the  effect  that  the  bulk  of  the  world's  population  and  com- 
merce is  metric  ;  and  they  do  refute  them.  They  do  more  than 
that,  for  they  prove  in  each  case  that  the  Anglo-Saxon  races, 
which  all  use  practically  the  same  measures  and  language,  control 
the  population  and  commerce  of  the  world.  Everything  proved 
besides  is  supererogation.  Mr.  Rohrer  thinks  that  I  should  omit 
China,  India,  and  Turkey  from  the  table  of  page  567.     If  yoy  start 

*  AatUor's  closure,  under  tlie  Rules. 
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to  doctor  figures  you  may  make  them  read  almost  anything  you 
please.  I  don't  know  why  you  should  omit  China,  I'm  sure, 
unless  it's  because  you  don't  think  the  people  there  are  civilized 
enough  to  be  classed  as  population.  It  is  to  be  observed,  how- 
ever, that  vast  hordes  are  included  in  almost  every  country  on 
the  left-hand  side,  who,  if  they  ever  heard  of  the  metric  system, 
certainly  do  not  use  it,  and  a  large  portion  of  these  probably  less 
civilized  than  the  Chinese.  "When  you  cut  out  all  these,  you 
might  find  the  ratio  to  stand  worse  from  a  metric  point  of  view 
than  it  does  now.  This  table  is  not  a  census;  it  is  a  plain  com- 
mon-sense average,  which  cannot  be  expected  to  give  more  than 
a  general  idea.  Everybody  can  see  how  it  is  made  up ;  and  if  it 
doesn't  accord  with  his  views  he  may  alter  it  to  suit  his  fancy. 

The  table  on  page  668,  which  is  of  more  importance,  is  intended 
to  show  where  we  rnvst  use  metres,  and  where  we  may  use  yards 
in  our  foreign  commerce.  I  believe  there  is  but  a  very  small  por- 
tion of  our  exports  in  the  metric  column  where  we  do  in  fact  use 
metres.  For  instance,  according  to  Dr.  Sellers  (p.  579),  our  Ameri- 
can shafting  sells  freely  in  Europe,  and  no  one  complains  of  its 
size.  I  have  already  shown  (p.  574)  that  our  sizes  are  used  in 
other  things  also.  Mr.  Fairbanks  takes  exception  to  the  countries 
named  at  the  bottom  of  page  568,  because  of  what  is  not  allowed 
there.  It  was  because  of  what  is  not  allowed  there  that  I  put 
them  on  the  left-hand  side  of  my  table,  but  it  was  because  of 
what  is  used  there  that  I  made  a  separate  collection  below.  To 
call  some  far-away  land  of  llamas  and  gauchos  a  metric  country, 
because  the  metric  system  is  used  in  the  custom-house,  as  is  the 
case  with  some  of  these,  is  ridiculous. 

It  has  been  stated  that  Eussia  uses  the  metric  system  in  some 
cases  ;  which,  you  know,  cannot  be,  because  it  is  not  yet  legalized 
there,  which,  according  to  the  metricists,  is  necessary  before  it  can 
be  used.  Russia  does,  however,  use  the  metric  system  for  some 
purposes,  and  so  does  the  United  States.  If  you  take  one  you 
must  take  the  other.  This  allegation  of  Kussia  shows  what  a 
sham  all  this  metric  argument  is. 

Mr.  Fairbanks  says  I  had  to  "  go  away  back  to  1877  "  to  get 
reports  from  the  executive  departments  in  favor  of  the  duodeci. 
mal  system,  and  that,  if  I  had  taken  the  reports  of  the  last  two 
years,  I  would  have  found  only  one  department  adverse  to  the 
metric  system.  Now,  in  the  first  place,  I  did  not  go  back  in  order 
to  get  those  reports ;  they  ara  a  part  of  the  subject  which  I  began 
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at  the  beginning,  and  I  took  them  in  as  I  passed  along.  The  quo- 
tations from  those  reports  were  given  for  two  reasons :  first, 
because,  as  stated  in  note  46,  misrepresentations  have  been  made 
<K)ncerning  them ;  and  second,  because  they  present  very  strong 
arguments  against  legislation  favorable  to  the  metric  system. 
The  criticism  that  I  did  not  insert  the  more  recent  reports  is  a 
fair  one ;  they  were  not  printed  in  the  report  of  the  House  Com- 
mitt^  but  in  a  secondary  pamphlet,  which  missed  my  attention. 
I  have  remedied  that  omission.  But  let  me  say  that  these  last 
replies  from  the  executive  departments  are  but  very  fragmentary  ; 
only  eleven  replies  were  received,  and  but  eight  generally  favor- 
able, or  only  two  more  than  in  1877.  These  replies  were  not  to  a 
resolution  of  Congress,  but  to  letters  from  the  Coinage  Committee, 
and  I  think  it  ought  to  be  explained  why  we  haven't  heard  from 
the  other  departments,  particularly  those  which  proved  so  refrac- 
tory in  1877.  I  do  not,  of  course,  wish  to  be  understood  as  pinning 
my  faith  to  that  of  the  government  officials. 

I  should  be  sorry  to  be  thought  to  resort  to  epithets  in  place 
of  arguments,  but  I  think  Mr.  "Willis's  criticism  of  my  first  con- 
-clusion  is  due  principally  to  his  not  having  read  the  paragraphs 
on  which  it  is  based.  Surely  no  one  can  read  that  history  impar- 
tially and  say  that  that  conclusion  is  not  justified.  My  phraseology 
was  chosen  advisedly,  and  after  much  reflection  I  see  no  reason 
for  altering  it,  except  in  one  particular,  which,  as  it  was  not  prop- 
-erly  a  deduction  from  the  paper,  I  have  expunged. 

What  I  said  about  the  Engineers'  Club  of  Philadelphia  (p.  577) 
was  that  their  committee's  report  was  favorable  to  the  metric  sys- 
tem. That  report  was  quite  elaborate ;  but  the  more  recent  reso- 
lution of  the  club  was  brief  and  said  nothing  about  compulsory 
adoption. 

There  has  been  some  misunderstanding  of  my  conclusion  21, 
owing  to  insufficient  emphasis  of  the  word  "  virtual."  I  did  not 
mean  that  the  term  ^^inch  "  is  used  to  designate  that  magnitude  ; 
but  the  magnitude  exists,  though  obscured  as  25  millimetres,  which 
is  only  an  approximation.  All  this  is  given  brief  mention  on  page 
^74,  and  another  example  has  just  cropped  out  in  Professor  Sweet's 
19-millimetre  tap.  I  thought  these  things  were  tolerably  well 
known. 

There  has  also  been  some  misconception,  I  think,  of  what  is 
meant  by  the  common  use  of  a  system,  like  weights  arid  meas- 
4ires,  in  a  country.     People  seem  to  think  that  if  only  the  manu- 
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facturing  and  technical  element  of  a  community  uses  the  metric 
system,  that  constitutes  common  use.  Now,  the  manufacturing 
and  technical  element  is  that  which,  after  the  government  itself, 
is  the  easiest  to  reach  by  a  compulsory  law.  But  although  to 
have  forced  the  factories  to  carry  on  their  work  with  metres  is 
certainly  to  have  accomplished  a  great  deal,  it  is  very  far  from 
everything.  It  is  only  a  small  part  of  the  whole.  The  great 
mass  of  the  measurements  of  a  nation  are  those  carried  on  between 
private  persons  or  small  dealers  in  everyday  life,  which,  according 
to  Spencer,  constitute  transactions  probably  fifty  times  as  numer- 
ous as  the  others.  It  is  these  which  it  is  well-nigh  impossible  for 
the  most  autocratic  of  governments  to  affect ;  yet  it  is  these  very 
ones  which  are  overlooked  by  everybody.  Possibly  there  are 
those  who  think  that  these  bear  no  relation  to  engineering,  and 
therefore  ought  not  to  be  considered.  All  I  have  space  to  say 
here  is,  I  hope  they  will  think  twice  on  that  matter. 

With  regard  to  the  communication  of  Mr.  Henning  I  have  very 
little  to  say.  It  is  a  good  example  of  just  such  writings  as  this^ 
paper  was  written  to  refute.  There  is  no  use  rehashing  the  paper 
by  way  of  answer,  and  there  are  only  a  few  things  which  need 
special  mention. 

The  question  of  title  has  been  already  discussed  on  pages  494 
and  495 ;  and  the  apology  for  the  nomenclature,  on  the  ground 
that  we  need  not  use  it,  except  in  the  case  of  the  fundamental 
units,  on  pages  550  and  565.  Any  one  who  has  kept  books  caa 
answer  the  question  about  bookkeeping. 

Recommendations  from  consuls  accredited  to  metric  countries,, 
that  we  adopt  the  metric  system,  are  nothing  new,  nor  in  any  way 
astonishing.  If  our  "  commerce  is  seriously  hampered  by  our  fail- 
ure to  use  metric  standards,''  let  the  manufacturers  look  to  that. 
I  have  not  heard  any  complaints  from  that  quarter.  In  the 
meantime  we  continue  to  sell  our  goods  there,  made  according  to 
the  old  standards,  whose  advantages  we  are  not  reminded  of  by 
our  consuls  to  English-speaking  countries ;  so  we  conclude  con- 
formability  with  the  latter  is  of  no  consequence. 

Possibly  some  of  my  more  acute  readers  have  perceived  reasons^ 
why  I  should  not  give  so  much  space  to  Germany  as  to  France, 
Great  Britain,  and  the  United  States,  other  than  because  the 
change  was  "successful,  rapid,  and  peaceful."  If  I  had  been  a 
metricist  (which  is  really  the  only  fault  Mr.  Henning  has  to  find 
with  me),  doubtless  I  would  have  omitted  France,  Great  Britain,. 
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arid  the  United  States  altogether,  and  filled  up  my  paper,  as 
theirs  are  filled  up,  with  trivial  matters,  with  letters  from  other 
metricists,  and  with  vehement  asseverations. 

To  the  "  40  various  bushels,  etc.,  of  Great  Britain "  very  em- 
phatic attention  has  been  called  on  page  554 ;  and  to  the  anoma- 
lous measures  of  the  United  States,  also,  on  pages  554  and  584. 
It  is  proper  that  my  critic  should  know  that  this  is  a  two-edged 
sword  and  should  be  used  with  caution. 

It  is  suggested  that  my  non-technical  friend,  quoted  on  page 
573,  is  not  worthy  of  credence.  Doubtless  not,  to  any  one  of  the 
metric  creed,  because  the  evidence  was  not  collected  in  the  proper 
way.  What  I  should  have  done  was  to  obtain  some  one  to  go 
abroad  and  to  those  districts  where  the  metric  system  is  used, 
and  to  write  me  that  it  is  used  there.  Instead  of  doing  this,  I 
inquired  of  a  plain  tourist,  who  travelled  among  the  people,  not 
among  manufacturers  and  technical  men,  and  to  whom  I  did  not 
signify  previously  the  object  of  my  inquiry.  The  evidence  is  con- 
traband, but  it  may  not  be  without  interest. 

I  have  still  a  few  remarks  to  make  on  the  legislative  aspect 
of  this  question — the  aspect  we  are  chiefly  concerned  with — and 
Mr.  Fairbanks'  statements  about  Mexico  furnish  me  a  very  fitting 
text.  Kot  even  Mr.  Fairbanks  has  told  the  whole  story  about 
Mexico.  On  page  542  are  mentioned  the  three  obligatory  laws  of 
1857,  1861,  and  1865,  and  their  results  taken  from  the  1877  re- 
port of  J.  K.  Upton,  chief  clerk  of  the  Treasury,  an  advocate  of 
the  metric  system.  One  would  suppose  that  three  such  laws,  or 
even  one,  would  insure  the  use  of  the  metric  system  by  everybody 
instanter.  But,  lo  and  behold,  seventeen  years  later,  in  1882,  we 
find  the  same  process  being  gone  through  all  over  again,  just  as  if 
it  were  entirely  new  and  unheard  of  before  I  and  at  the  same  time, 
a  very  zealous  metricist  writing  home  in  disgust  {Jour.  Assn,  Eng. 
Soc.j  VoL  I.,  p.  246)  "  how  complicated  a  simple  matter  may  be 
made  when  human  ingenuity  is  bent  on  finding  out  how  not  to  do 
it " — this  regarding  railway  construction,  where  of  ail  places  you 
would  expect  it  to  run  easiest.  The  law  of  1882  was  to  go  into 
effect  in  1884,  but  the  date  was  afterward,  it  appears  (Jour.  Asm). 
Eng,  Soc.y  Vol.  III.,  p.  133),  postponed  two  years  longer.  Now, 
then,  just  as  if  nothing  had  been  done  at  all  during  the  last  forty 
years,  here  we  have  a  brand-new  law  this  year  solemnly  assuring  us 
(although  there  are  no  penalties  attached  to  this  one)  that  "  from 
and  after  September  16,  1896,"  the  metric  system  '*  will  be  the 
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sole  legal  system  in  the  United  States  of  Mexico,"  and  Mr.  Fair- 
banks, with  equal  solemnity,  telling  us  that  this  settles  it,  and  no- 
body in  Mexico  uses  anything  any  more  but  the  metric  system. 

Now,  what  does  all  this  convey  to  your  minds  ?  and  does  this 
present  assurance  really  look  more  reasonable  than  the  old,  old 
song  which  we  have  been  listening  to  for  the  past  twenty  years  ? 
How  many  other  laws  besides  those  I  have  mentioned  have  been 
enacted  in  Mexico  I  don't  know,  and  how  many  will  be  in  future, 
time  alone  can  tell.  But  don't  for  a  moment  suppose  this  is  an 
exceptional  case.  Far  from  it.  Mr.  Fairbanks  himself  has  sup- 
plied us  with  another, — Uruguay, — ^which  is  classed  in  my  list  of 
metric  countries  as  it  has  been  in  others  for  thirty  years.  "Whether 
they  passed  a  law  there  in  1893,  and  whether  it  was  one  of  their 
old  laws  passed  over  again,  or  a  new  and  more  radical  one — these 
things  I  leave  for  others  to  explain.  But  Uruguay  is  not  a  new 
metric  country.  Take  Peru,  another  from  South  America,  and 
read  what  was  written  me  by  one  entirely  disinterested,  so  far  as 
I  know,  and  whose  experience  there  is  not,  I  think,  more  than 
five  or  six  years  old, — my  note  77  on  page  573.  Take  Holland 
and  Belgium,  which  made  the  metric  system  compulsory  at  the 
beginning  of  the  century,  and  then  did  it  all  over  again  half  a 
century  later, — and  atiU  a  traveller  in  Holland  returns  without 
having  heard  of  its  being  used  there !  Take  Turkey,  which  did 
the  same  thing  in  1869,  and  then  again  in  1895.  Some  metricists 
say  it  is  compulsory  in  Turkey,  and  some  say  it  is  not.  Some 
metricists  say  it  is  compulsory  in  Greece,  and  some  say  it  is  not. 
Even  in  Germany,  where  laws  are  as  autocratic  and  stringent  as 
you  will  find  them, — the  country  they  hold  up  to  us  as  a  model, — 
we  find  a  new  law  passed  in  1884,  nominally  to  amend  that  of 
1868,  which  permitted  the  co&mon  terms  as  applied  to  the  metric 
quantities,  but  in  reality,  it  seems,  because  that  law  would  not 
work,  and  to  patch  it  up  so  that  it  would.  Those  common  terras 
were  not  applied  to  the  new  quantities  as  the  law  had  prescribed, 
but  to  the  old  quantities,  just  as  they  always  had  been  ;  *  and  so 
throughout  the  country  by  the  common  people  you  will  find  them 
to-day.  There  is  France,  the  stronghold  of  the  metric  system, 
crying  to  our  government  for  aid  against  the  atme  system,  abol- 
ished one  hundred  and  three  years  ago,  and  which  they  say,  by 

*  This  is  practically  acknowledged  in  the  argument  for  the  law  of  1884, 
attached  to  the  draft  of  that  law  printed  by  the  imperial  government ;  and,  in 
fact,  the  same  rule  seems  to  apply  here  as  to  some  other  German  laws  (according 
to  official  utterance) ;  infractions  are  "  tolemted.  but  not  permitted." 
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being  used  in  invoices  of  goods,  is  causing  frauds  in  their  customs 
receipts  (^Jour.  Asm,  Eng.  Soc.y  Vol.  XII.,  p.  227).  These  are  a  few- 
isolated  cases,  and  they  will  do  to  exemplify  a  little  further  what 
I  have  already  tried  to  establish  in  the  pages  of  this  paper ;  but 
I  could  quote  a  great  many  more  instances,  and  most  of  these  are 
from  evidence  furnished  by  the  metricists  themselves.  If  any  one 
would  take  the  time  to  look  into  the  matter  for  the  purpose  of 
overthrowing  the  partisan  evidence  of  the  metricists,  I  haven't  a 
particle  of  doubt  a  mass  could  be  collected  which  would  turn 
theirs  to  ridicule. 

Now,  what  does  this  country  propose  to  do  ?  or  rather,  what 
does  this  little  handful,  at  most  a  few  thousand  out  of  our  seventy 
millions,  propose  to  have  us  do  ?  Do  they  want  us  to  take  this 
legislative  physic  for  the  rest  of  our  lives?  That  is  what  the 
other  countries  are  doing  and  have  done,  and  they  propose  that 
we  shall  do  the  same.  That  is  what  it  means,  and  let  us  under- 
stand it  before  we  begin.  Let  us  enter  this  quagmire  with  our 
eyes  wide  open,  and  not  think  we  can  go  a  little  way  and  then 
return.  We  gave  th^m  the  law  of  1866,  which  means  nothing 
and  doesn't  hurt  us  any,  but  now  they  take  that  and  use  it  as  a 
handle  to  make  us  go  a  step  further.  Another  step,  and  it  only 
gives  them  better  opportunity  to  insist  on  the  next  I  am  not 
now  speaking  against  the  metric  system  ^p^  se.  Any  one  is  at 
liberty  to  admire  that  as  much  as  he  pleases,  but  to  enact  it  into 
a  law  is  another  matter.  I  admire  Platonism,  but  I  don't  want  it 
enacted  into  a  law.  This  metric  system  has  been  justly  termed 
the  bathos  of  legislation^  upon  which,  said  Gteneral  Pasley  forty 
years  ago  (p.  572),  "  far  more  legislation  has  been  expended  than 
can  be  found  in  all  the  English  statutes  on  the  same  subject  since 
the  Norman  Conquest."  * 

This  is  the  era  of  patent  medicines  and  panaceas.  Just  now  it 
is  legislation  that  is  to  cure  all  ills.  We  have  just  witnessed  the 
attempt  of  a  large  portion  of  our  countrymen  to  increase  their 
wealth  by  legislation.  People  say  Adams's  report  is  old-fashioned. 
If  any  one  thinks  so,  let  him  forget  that  Adams  ever  wrote  it.  I 
do  not  quote  it  because  it  is  Adams's,  but  because  it  is  common 
sense.  If  any  one  has  not  read  the  quotations  on  pages  579  to 
585,  for  instance,  I  hope  he  will  stop  and  do  so  before  continuing 
to  advocate  an  impossibility. 

Some  one  has  remarked  that  "  when  the  people  saw  the  law 
was  going  to  be  enforced  they  took  it  up."     There  you  have  the 
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crvx  of  the  whole  matter.  When  they  did, — but,  no  matter  when 
they  did,  how  long  would  it  take  everybody  in  this  country  to 
make  sure  the  Federal  Government  would  or  could  enforce  a  law 
of  this  character?  They  tell  us  other  nations  have  enforced  it. 
So  also  have  other  nations  enforced  military  conscription  in  time  of 
peace,  but  I  do  not  suppose  any  one  will  have  the  hardihood  to 
argue  that  that  could  be  enforced  in  this  country.  "  When  the 
King  of  Prussia, "  said  a  witness  before  the  Coinage  Committee 
of  the  House  last  winter,  "  desired  a  metric  system,  he  said  '  let 
there  be  a  metric  system,'  and  there  was  one.  As  soon  as  he  was 
impressed  with  the  idea  of  its  excellence,  it  came  into  existence." 
In  that  saying  you  see  the  broad  chasm  which  divides  our  govern- 
ment from  every  other  government  on  earth;  yet  the  zeal  of 
these  people  is  so  blind  that  they  have  forgotten  that  all-essential 
he  is  lacking  to  us.  This  government  is  strictly  one  of  the  people, 
and,  outside  of  government  business,  I  do  not  believe  it  is  in  the 
power  of  Congress  to  enforce  any  law  whatever  in  regard  to 
weights  and  measures.  I  believe  the  most  they  can  do  is  to  say 
that  this  or  that  measure  shall  be  of  such  awsize.  I  do  not  believe 
they  could  even  enforce  the  use  of  that  size,  as  was  done  in 
England,  but  merely  its  recognition  by  the  courts. 

I  wish  to  enter  an  emphatic  protest  against  this  proposed  abuse 
of  the  legislative  function.  No  one  supposes  there  will  be  any 
bloodshed,  but  that  is  simply  because  such  a  law  would  be  a  huge 
joke.  It  would  do  nothing  but  create  endless  confusion.  The 
bare  thought  of  the  enforcement  of  a  law  compelling  a  man  to 
give  up  his  yard-stick  and  use  metres  in  his  private  business  is 
ridiculous  to  any  sane  American.*  As  to  the  use  of  the  metric 
system  by  the  government,  jthat,  of  course,  could  be  done,  al- 
though the  change  would  add  an  enormous  expense  to  the  annual 
budget,  and  when  it  was  done,  the  discord  with  the  people,  which 
would  continue  to  exist,  would  far  more  than  counterbalance  any 
gain  in  the  clerical  work.  They  talk  of  uniformity,  but  what 
uniformity  would  we  have  then  ?  The  only  place  in  the  govern- 
ment system  where  there  is  any  sense  in  the  metric  plea  is  the 
custom-house,  where  some  imported  goods  are  invoiced  in  metres 
and  kilogrammes.  To  change  the  whole  custom-house  reckoning 
for  these  is  not  simply  to  discommode  all  the  business  in  the 
country,  but  to  subordinate  the  greater  interest  to  the  less.  I 
have  already  shown  on  page  568  that  our  trade  with  British  posses- 
sions alone  is  greater  than  with  all  metric  countries  combined ; 
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but  even  if  it  were  not,  I  can  see  no  advantage  in  changing. 
Metric  goods  may  be  taxed  by  the  metre  and  kilogramme,  other 
goods  by  the  yard  and  pound,  and  this  may  be  done  without  any 
law  at  all.  I  do  not  know  whether  the  committee  on  this  sub- 
ject, which  has  just  been  appointed  by  the  Council,  have  thought 
it  sufficient  merely  to  oppose  a  law  which  applies  only  to  the 
people  at  large,  but  I  sincerely  hope  they  will  not  neglect  to  op- 
pose any  such  scheme  as  this,  which  is  a  mere  cover  for  the  other, 
and  will  serve  only  to  make  such  diversity  as  exists  a  hundred 
times  worse  than  it  is  at  present.  It  is  not,  to  use  the  words  of 
another,  a  leap  in  the  dark,  but  a  leap  in  full  daylight,  into  a 
metrological  chaos. 

As  to  whether  the  people  of  this  country,  as  a  whole,  will  of 
their  own  free  will  change  their  standards  of  weighing  and 
measuring,  it  ought  not  to  be  necessary  to  argue.  People  are 
fond  of  telling  themselves  that  the  tendency  is  toward  uniform- 
ity, that  it  must  come  about  in  the  end,  and  what  a  blessing  uni- 
formity  would  be,  and  so  on,  and  the  same  may  be  said  of  lan- 
guage and  a  dozen  other  things.  I  know  there  has  been  a  great 
metric  boom  in  process  of  formation  for  the  past  thirty  years; 
but,  as  another  engineer  has  said,  "  booms  may  come  and  booms 
may  go,  but  our  people  are  about  as  likely  to  discard  their  habits 
of  thought  and  action  regarding  weights  and  measures  as  they 
are  to  set  about  training  themselves  to  become  ambidexters." 

Note. — This  edition  has  been  thoroughly  revised,  and  everything  which  re- 
q aired  correction  or  modification,  corrected,  and  a  number  of  notes  of  interest 
added.  Mr.  Frederick  Brooks,  M.A.S.C.E.,  has  kindly  undertaken  to  assist 
me  in  this,  and  I  am  indebted  to  him  for  many  suggestions.  Mr.  Brooks  has 
been  an  active  leader  in  the  metric  movement  since  its  inception,  and  has  an  im- 
mense library  on  the  subject ;  and  anything  he  has  failed  to  point  out  I  fancy  is 
not  of  great  importance. 
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It  is  one  of  the  distinctive  peculiarities  of  engineeriiig  as  a 
profession,  which  it  enjoys  in  common  with  architecture  and  art, 
that  the  creations  of  its  practitioners  are  embodied  in  concrete 
objects  which  outlast  the  lifetime  of  their  creators,  when  deserv- 
ing of  this  distinction.  It  was  the  boast  of  antiquity  that  a 
moDument  more  enduring  than  bronze  could  be  left  behind  a 
man  when  he  passed  away,  and  the  cathedral,  the  bridge,  and 
Any  structure  built  for  a  long  time  are  fitting  memorials  in  which 
a  posterity  may  see  the  glory  of  its  past 

It  happens,  however,  frequently,  that  for  the  mechanical  en- 
gineer the  search  for  his  successes  does  not  lead  to  the  discovery 
of  monumental  achievements,  but  includes  only  a  great  number 
of  small  and  perhaps  unnoted  constructions  whose  magnitude  in 
the  a^regate  would  deserve  to  be  recognized  if  such  aggregation 
could  possibly  be  made.  But  even  more  often  a  great  engineer 
leaves  behind  him  a  sense  of  loss  among  those  who  knew  him, 
which  bears  no  suggestion  of  that  loss  when  the  lifeless  hand  of 
a  master  drops  from  a  single  unfinished  work  of  great  magnitude. 
And  in  such  case  the  reason  for  the  feeling  of  loss  and  sorrow  is  to 
be  looked  for  in  springs  deeper  than  those  from  which  come  the 
appreciation  of  intellectual  greatness  alone.  It  must  be  that  it  is 
the  man  and  the  character  which  are  mourned,  and  not  merely 
the  things  which  his  intellect  enabled  him  to  do. 

It  is  something  of  this  sort  which  lies  in  the  minds  of  his 
friends  as  they  convene  to  speak  of  their  respect  and  admiration 
for  Mr.  HoUoway.  He  was  not  a  great  engineer  in  the  sense  in 
which  Smeaton,  Watt,  Stephenson,  or  Corliss  have  been  great,  in 
the  sense  of  making  their  name  one  which  is  to  be  found  wher- 
ever the  student  of  the  history  of  engineering  searches  for  the 
names  of  those  who  have  distinguished  it  and  who  are  known 

*  Presented  at  the  New  York  meeting  (December.  1896)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the 
Transaction$, 
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world-wide  for  these  reasous.  But  he  was  a  man  whom  every  one 
respected  for  his-  sound  judgment  in  engineering  and  business 
matters,  for  his  unfailing  uuselfishness  and  devotion  to  interests 
and  objects  upon  which  he  had  set  his  heart  for  others,  and  in 
his  determination  that  the  profession  of  engineering  should 
secure  from  the  world  at  large  the  recognition  which  its  impor- 
tance and  its  work  in  the  community  should  command  from  those 
whom  it  benefits. 

Mr.  Josephus  Flavins  Holloway  was  bom  January  18,  1825,  in 
Uniontown,  Ohio.  His  father  came  originally  from  Pennsylvania. 
When  Mr.  Holloway  was  six  years  old  his  father  moved  as  a 
pioneer  to  what  was  then  known  as  the  Western  Reserve,  and 
their  first  settlement  was  a  homestead  upon  the  bank  of  the 
Cuyahoga  River,  near  what  is  now  the  town  of  Cuyahoga  Falls. 
When  he  moved  there,  there  were  but  six  houses  in  the  midst 
of  the  wilderness. 

The  place  afforded  but  meagre  opportunities  for  education  of 
the  growing  lad  at  school,  but  as  most  of  the  early  settlers  were 
pioneers  from  Connecticut,  they  brought  with  them  their  refined 
ideas  and  their  New  England  culture,  so  that  many  of  the  stand- 
ard works  of  literature  were  to  be  found  in  their  precious  libra- 
ries. Those  who  have  had  occasion  to  come  in  contact  with  Mr. 
IloUoway's  literary  taste  and  almost  poetic  turn  of  mind  will  per- 
haps understand  that  his  appreciation  of  what  is  best  in  litera- 
ture had  its  source  in  the  careful  reading  of  those  early  days. 

He  was  apprenticed  to  learn  his  trade  to  a  firm  of  engine 
builders  in  Cuyahoga  Falls  and  was  considered  their  most  capa- 
ble apprentice.  It  will  be  remembered  by  many  that  some 
of  Mr.  IloUoway's  most  interesting  reminiscences  covered  this 
period  when  he  was  mastering  the  art  of  doing  good  work  witli 
limited  facilities.  He  has  spoken  of  the  boiler  punch  of  his  ap- 
prenticeship days,  which  was  a  steel  drift-pin  attached  to  the  end 
of  a  plank  under  a  tree  by  the  roadside,  so  that  the  weight  of  the 
workman  upon  the  long  end  of  the  lever  could  be  made  to  jump  a 
hole  through  the  plate.  He  has  spoken  also  of  how  impossible  it 
was  in  those  early  days  to  make  boiler  seams  tight  with  the  ap- 
pliances then  in  use,  and  that  it  was  customary  to  put  into  the 
boiler,  before  closing  it  up  for  test  or  for  use,  some  material  which 
would  be  forced  into  the  open  joints  by  the. pressure  from  within 
and  take  up  the  leakage  in  this  way.  It  has  been  well  said  that 
the  mechanic  of  resources  is  not  so  likely  to  be  developed  under 
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the  oonditions  now  prevalent  among  the  operatives  with  high- 
olass  machine  tools,  and  that  those  early  dajs  produced  a  me- 
chanic and  engineer  which  it  is  difficult  to  find  in  these  later 
years.  His  life  in  Ohio  spanned  the  period  of  the  introduction  of 
the  railroad  and  locomotive  engine  into  that  rapidly  growing  sec- 
tion, and  every  one  who  has  heard  him  speak  of  the  responsibil- 
ity and  the  debt  which  is  owing  to  the  engine  driver  of  the  loco- 
motive, will  have  recognized  that  this  knowledge  came  from 
actual  experience  upon  the  road  and  in  the  cab. 

His  first  absence  from  home  was  for  a  year  in  Cabotsville, 
Mass.,  but  at  different  periods  of  his  early  life  he  was  engaged  at 
Wilmington,  Del.,  in  steamboat  engine  design,  and  at  Cumber- 
land, Md.,  as  manager  of  a  coal  mining  company.  For  several 
years  he  was  general  manager  of  a  coal  mining  and  iron  manu- 
facturing company  at  Shawneetown,  111.  Tt  was  at  this  time  that 
Mr.  Holloway  came  into  acquaintance  with  the  firm  of  Sellers  & 
Company  of  Philadelphia,  originators  of  that  iron  company. 

At  the  closQ  of  the  war,  1861-65,  he  entered  the  employ  of  the 
Cuyahoga  Steam  Furnace  Company  of  Cleveland,  which  was 
doing  a  miscellaneous  line  of  foundry  and  machine  work,  but 
probably  more  of  machinery  for  the  lake  traffic  than  with  iron 
and  steel  works  machinery,  which  became  their  later  field.  On 
the  death  of  Mr.  W.  B.  Castle,  in  1872,  he  became  president  and 
remained  superintendent  of  the  company,  conducting  the  works 
in  the  interest  of  the  other  stockholders,  for  whom  he  ^  stood  as 
a  representative  and  protector.  The  Cleveland  Boiling  Mill  was 
one  of  the  early  companies  to  begin  the  manufacture  of  Bessemer 
steel  in  the  West,  and  under  the  direction  of  a  German  metallur- 
gist, Herr  Greiner,  the  necessary  work  for  the  installation  of  that 
plant  was  largely  done  at  the  Cuyahoga  Furnace  Company's 
works.  Later  the  blast  furnace  blowing  engine  became  quite  a 
specialty  of  the  establishment,  and  some  very  large  and  success- 
ful engines  of  this  class  were  turned  out.  It  is  an  interesting 
feature  of  the  work  of  this  period  that,  for  reasons  satisfactory  to 
those  concerned  in  the  management  of  the  old-established  works, 
it  was  not  thought  advisable  to  enlarge  its  equipment  by  the 
purchase  of  new  machine  tools  such  as  were  coming  into  use  in 
the  newer  and  rapidly  growing  works  which  were  looking  to  the 
future  rather  than  to  the  past.  It  was  a  pride  of  Mr.  HoUoway's 
to  do  work  of  a  size  and  quality,  with  his  small  and  inadequate 
tools,  for  a  price  which  could  not  be  reached  by  rivals  who  were 
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better  equipped.  The  early  training  in  expedients  for  doing 
work  was  here  made  to  tell  for  the  interest  of  those  for  whom 
he  was  working,  and  the  application  of  portable  machinery  to 
operate  upon  massive  work  was  one  of  the  fundamental  features 
of  this  achievement 

He  was  ably  seconded  in  his  endeavor  by  his  choice  of  most 
capable  lieutenants  in  his  foundry  and  in  other  departments,  so 
that  it  was  a  boast,  which  the  result  justified,  that  they  could  cast 
a  blowing  engine  fly-wheel  with  an  accuracy  and  success  such 
that,  when  in  place  and  revolving,  the  unfinished  casting  would  run 
as  true  as  the  finished  fly-wheels  of  competitive  establishments. 
Mr.  HoUoway  conducted  these  works  until  1887,  when  they  were 
sold  out  on  favorable  terms  to  the  Cleveland  Ship  Building  Com- 
pany, leaving  Mr.  Holloway  free  to  look  for  another  opportunity  for 
his  energy.  It  is  during  this  connection  with  the  Cuyahoga  Fur- 
nace Company  that  the  successful  meeting  of  the  Society  was  held 
in  Cleveland  in  the  spring  of  1883.  Mr.  Holloway  was  the  leading 
spirit  in  the  planning  and  execution  of  the  details  of  that  meeting, 
and  it  was  on  the  occasion  of  visits  made  to  his  home  during 
tliat  period  of  preparation  that  the  acquaintance  of  a  few  years 
before  ripened  into  a  friendship  which  the  writer  holds  as  a  cher- 
ished possession. 

Mr.  Holloway  was  not  allowed  to  remain  idle — ^but  a  few 
months.  Almost  immediately  he  was  secured  under  a  seven 
years'  contract  on  favorable  terms  by  the  firm  of  H.  R  Worth- 
ington,  hydraulic  engineers  of  New  York  City.  His  duties  there 
were  various  in  all  lines  of  business,  estimating,  contracting, 
repairs,  and  design.  Upon  the  expiration  of  bis  contract,  in  1894, 
after  a  summer  of  rest,  he  became  connected  with  the  Snow 
Steam  Pump  Works  of  Buffalo  in  a  somewhat  similar  relation, 
and  remained  with  them  until  the  time  of  his  death. 

Referring  now  to  his  relations  as  a  member  of  the  American 
Society  of  Mechanical  Engineers,  Mr.  Holloway  joined  it  among 
the  early  charter  members,  and  was  present  at  its  first  large  meet- 
ing for  the  reading  of  papers  held  in  the  auditorium  of  the  Turf 
Club  in  New  York  City,  in  November,  1880.  His  active  influence 
in  the  Cleveland  Convention  has  been  above  referred  to,  and  he 
served  as  manager  upon  its  Council  during  the  trying  early  years 
from  1880  to  1883,  and  was  elected  president  of  the  Society  in 
1884  to  succeed  Prof.  John  E.  Sweei  This  made  him  the  fourth 
president  of  the  Society.     Upon  his  coming  to  New  York  in  1887 
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he  was  at  onoe  appointed  to  the  laborious  duty  incident  upon 
service  upon  the  Society's  Finance  Committee ;  and  upon  the  pas- 
sage of  the  amendment  to  the  rules  which  made  the  past  presi- 
dents members  of  the  Council  of  the  Society  for  life,  he  assumed 
the  responsibility  of  this  work  most  cheerfully,  and  was  one  of 
the  most  regular  in  attendance  upon  the  meetings  of  that  body. 
He  was  one  of  the  special  committee  entrusted  by  the  Council 
with  the  consideration  of  the  important  step  undertaken  in  the 
winter  of  1890  of  deciding  upon  the  policy  of  a  permanent  home 
or  Society  House,  and  although  his  attitude  was  distinctly  con- 
servatiye,  it  was  wisely  so,  and  he  yielded  at  once  to  the  cogency 
of  arguments  which  lead  to  the  purchase  of  the  premises  at  No. 
12  West  Thirty-first  Street,  and  he  was  one  of  the  incorporators 
of  the  Mechanical  Engineers'  Library  Association,  who  hold  the 
real  estate.  He  was  of  invaluable  service  in  carrying  through  a 
troublesome  complication  which  arose  at  the  moment  in  which 
the  property  passed  into  the  hands  of  the  Library  Trustees,  and 
was  full  of  delight  when  the  outcome  was  favorable  to  what  he 
considered  the  best  interests  of  the  undertaking. 

But  it  was  at  meetings  of  the  Society  that  his  warm  interest 
and  unselfish  devotion  to  its  welfare  was  most  manifest  There 
are  few  who  will  not  recall  how  painstaking  was  his  devotion 
to  the  broadening  of  the  acquaintance  of  members  of  the  Society 
with  each  other.  Early  and  late  his  tactful  address,  his  genial 
and  humorous  speech,  his  assiduous  looking  after  the  shy  and 
retiring,  must  be  memories  wTiich  will  lie  in  many  hearts.  When 
in  1890-91  it  was  decided  to  hold  reunions  of  members  and  their 
families,  for  the  purpose  of  developing  acquaintance  and  cement- 
ing the  bond  among  the  members,  at  the  Society  rooms,  he  was 
rarely  absent  and  always  full  of  helpful  suggestions.  In  fact,  if  a 
personal  reference  will  be  permitted,  the  writer  would  say  that 
there  were  few,  or  none,  among  the  members  or  officers  of  the 
Society  to  whom  he  went  more  frequently  for  counsel  and  sug- 
gestion, or  whose  advice,  freely  and  wisely  given,  has  been  more 
often  taken  than  that  received  from  Mr.  HoUoway.  Li  this 
respect  the  American  Society  of  Mechanical  Engineers  will  per- 
haps never  know  how  much  of  its  prosperity  during  these  last  ten 
years  is  to  be  attributed  to  his  thought  and  planning.  Li  this 
relation  he  will  be  sorely  missed. 

Shortly  after  his  coming  to  New  York  City  the  project  was 
started  by  Prof.  Thomas  Egleston,  Mr.  James  C.  Bayles,  and 


618  J.    F.    HOLLOW  AY. 

others,  to  form  in  this  city  an  organization  mainly  social  in  its 
character,  which  should  form  the  nucleus  for  greater  union  among 
engineers.  This  idea  took  shape  in  the  Engineers'  Club  of  New 
York  Oity,  and  while  it  is  foreign  to  the  present  purpose  to  refer 
at  length,  or  in  detail,  to  its  history  and  prosperity,  it  may  yet  be 
said  with  truth  that  Mr.  HoUoway  was  never  forgetful  of  the  op- 
portunity which  this  organization  has  given  to  advance  the  cause 
of  the  engineer,  and  that  as  a  member  of  its  Board  of  Manage- 
ment, as  its  president,  and  serving  it  on  its  exacting  committees, 
he  was  a  most  indefatigable,  faithful,  and  wise  councillor. 

Perhaps  no  better  idea  can  be  given  of  the  genial,  inspiring, 
and  able  way  in  which  Mr.  HoUoway  devoted  himself  to  the 
pleasure  of  others  than  by  quoting  from  one  of  the  little  speeches 
which  he  threw  off  incidentally,  as  it  were,  and  like  sparks  from 
the  anvil  of  his  regular  work,  in  connection  with  one  of  the  even- 
ings at  which  the  mechanical  engineers  convened  in  189L  The 
Society  had  recently  received  a  gift  from  Professor  Egleston  of 
the  colonial  dining  table  which  had  belonged  to  Bobcrt  Fulton, 
and  which  had  been  the  starting  point  for  giving  to  one  of  these 
evenings  the  complexion  of  reminiscences  of  Fulton  and  the  early 
development  of  steam-boating  in  America.  In  speaking  of  the 
table  and  Fulton's  relation  to  it,  he  said : 

"  We  engineers  who,  in  late  years,  with  all  the  resources  of  good 
tools  and  variety  of  material  at  our  command,  have  made  sad  and 
lamentable  failures,  can  well  imagine  what  must  have  been  the 
trials  and  difficulties  under  which  Bobert  Fulton  struggled  when 
he  first  sought  to  solve  the  problem  of  steam-driven  boats  on 
river  and  sea.  What  would  our  friend  here,  Andrew  Fletcher, 
whose  swift-moving  steamers  have  since  proudly  tossed  from 
their  bow,  at  the  rate  of  twenty  miles  an  hour,  the  same  waters 
through  which  Fulton's  Clermont  struggled  at  the  rate  of  five 
miles,  have  tltought  if  he  had  been  shown  a  board  pile  and  had 
been  asked  to  make  out  of  it  a  steamboat  boiler,  as  Fulton  had  to 
do  ?  I  dare  say  our  friend  well  remembers  when  the  widest  sheet 
of  boiler  plate  that  could  be  procured  was  but  26  inches ;  but  ^ 
inch  iron  plates  26  inches  wide  were  far  better  stock  from  which 
to  make  boilers  than  wooden  staves  bound  together  by  bands  of 
iron,  as  were  those  on  Fulton's  first  boat 

"  No  doubt  engineers  in  the  old  times,  as  now,  were  wont  to  take 
to  the  home  circle  the  cares  and  vexations  of  their  business,  and 
BO  doubt  there  were  days  when,  after  a  night  of  restless  tossing. 
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trying  in  some  way  to  scheme  oat  a  remedy  for  some  new  and 
unexpected  difficulties,  oar  hero  sat  him  down  to  that  table,  his 
usual  genial  good  humor  gone,  and  with  few  words  for  wife  and 
children,  and  leaving  his  scarce  tasted  food,  he  walked  out,  as  has 
many  another,  to  take  up  anew  the  battle  of  life. 

"*  But  let  us  put  that  picture  aside.  Look  at  the  old  table  now ; 
it  is  set  for  a  grand  supper ;  its  broad  surface  is  loaded  with  the 
old-time  elements  that  go  to  make  up  a  feast,  for  in  that  good  old 
time  a  banquet  table  had  on  it  much  besides  a  bunch  of  flowers 
and  a  few  empty  plates.  See  the  qaaintly  dressed  neighbors  who 
come  crowding  in  to  take  their  place  at  the  table,  and  to  honor 
their  friend  and  host  whose  newly  built  steam-moved  boat  has 
made  the  round  trip  to  Albany  and  back  inside  of  four  days,  and 
as  they  shake  the  hand  of  the  master  and  congratulate  him  on 
his  great  success,  they  little  dream  of  the  grand  fature  of  which 
that  day's  performance  was  the  beginning.     .    •    . 

**  But  listen  again :  The  genial  host  rises  to  respond.  Thanking 
them  for  all  their  good  wishes,  in  modest  tones  he  is  telling  them 
something  of  the  trials  and  disappointments  he  had  encountered 
in  the  past ;  and  that  harder  than  all  else  to  bear,  had  been  the 
cruel  jeers  of  those  whom  once  he  had  counted  among  his  friends, 
but  who,  seeing  his  persistency  in  his  purpose,  had  turned  from 
him  with  bitter  words.  He  is  telling  his  guests  that,  impelled  by 
a  belief  that  he  would  at  last  succeed,  he  could  not  turn  back, 
but  now  that  the  hour  of  his  triumph  had  come  he  had  only  the 
kindliest  feelings  toward  all.  He  tells  them  that  beyond  the 
present  he  sees  the  time  coming  in  which  not  only  the  waters  of 
the  noble  Hudson,  but  those  of  the  beautiful  Ohio  and  the  mighty 
Mississippi  as  well,  would  be  dotted  over  with  steamboats  carrying 
to  and  fro  the  wealth  and  products  of  an  immense  empire,  and 
that  on  the  ocean  the  steamship  would  bear  messages  of  peace 
and  good  will  to  all  lands  ;  and  that  long  after  they  had  all  passed 
away,  thanks  to  the  labors  of  the  coming  engineers,  the  white 
flag  of  a  peaceful  commerce  would  cement  in  a  bond  of  one  com- 
mon welfare  all  the  nations  of  the  earth." 

Another  example,  in  his  most  charming  vein,  he  rewrote  for 
Locomotive  Engineering  after  presenting  it  at  a  '*  locomotive 
evening"  in  the  series  of  Society  reunions.  I  quote  it,  with  his 
permission,  in  the  form  in  which  it  was  used  by  Mr.  Jas.  F.  Lewis 
in  his  most  appreciative  memorial  read  before  the  Institute  of 
Mining  Engineers. 
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**  It  was  a  little  thing — simply  a  small  picture  of  an  old-stjle  locomotive  placed 
in  the  middle  of  a  page  of  a  technical  journal  ....  and  a  line  below  it 
which  read  as  follows  :  *  Old  Cuyahoga  Engine,  Built  at  Cleveland,  Ohio.'  .... 

**  The  pictured  engine  might  be  the  *  Reindeer/  *  Antelope,'  *  Leopard,'  or  any 
other  of  the  fleet  engines  designed  by  Ethan  Rogers  ;  but  no  matter  wbich  one 
it  was»  it  was,  in  its  day,  a  beauty  and  a  runner.  It  looks  light,  the  engineers  of 
to-day  will  say.  Well,  it  was  light,  and  fortunately  so  ;  for  the  road  on  which 
it  had  to  run  was  made  of  light  iron  rails,  in  many  places  spiked  to  slabs  that  lay 
on  top  of  the  ground,  with  neither  ballast  under  them  nor  ditches  beside  them  ; 
and  many  a  time  did  the  engines  come  into  the  round-house,  after  beavy  rains, 
clay-washed  from  truck  to  top  of  smoke-stack.  Those  new  roads  were  not  only 
unballasted,  but  they  were  so  uneven  that  had  not  the  engines  been  lightly  built 
and  of  the  best  wrought-iron,  they  would  have  wrenched  themselves  to  pieces  on 
the  roads  they  had  to  travel  on. 

'*  Those  were  pioneer  days  for  railroads  in  Ohio.  The  few  and  newly  built 
roads  were  mostly  through  the  woods  and  swamps,  having  a  single  track,  with 
infrequent  sidings,  but  with  plenty  of  wet-wood  stations  in  the  winter  and  plenty 
of  dry-water  stations  in  the  summer,  and  telegraph-lines  at  no  time  ;  but  the 
engines — ^they  were  daisies  !    .    .     .     . 

"  I  suppose,  if  any  of  the  engineers  of  to-day,  the  fellows  who  run  the  big 
moguls  or  the  consolidations  or  the  flyers  on  the  limited,  should  happen  to  see 
this  picture,  they  would  wonder  among  themselves  what  that  curved  arm  near 
the  air-chamber  of  tbe  pump  was  for — ^that  is,  if  they  happened  to  know  that 
pumps  were  at  one  time  used  on  locomotives ;  and  they  would  wonder  why  two 
valve-stems  came  out  of  the  steam -chest.  But  you  and  I  know  that  the  curved 
arm  worked  the  independent  cut-off  valve  that  Rogers  put  on  tbe  '  Cuyahoga 
engines,'  and  which  helped  to  make  them  famous  in  their  day  ;  for  the  vim  with 
which  they  would  start  a  heavy  train,  and  the  economy  with  which  they  used 
steam  while  under  way,  used  to  astonish  the  down-East  engineers  who  came  out 
West,  later  on,  with  their  heavier-built  engines. 

'*Many  and  long  were  the  disputes  and  discussions  of  the  men  who  used  to 
run  and  swear  by  the  '  old  Cuyahoga  engines  '  as  to  their  superior  merits,  as 
compared  with  engines  brought  from  the  E  stern  shops  and  run  on  the  same  or 
adjoining  roads  ;  and  oddly  enough  did  they  settle  it.  When  differences  now 
exist  as  to  the  superiority  of  one  make  of  locomotive  over  another,  the  settlement 
of  the  question  is  left  to  scientific  experts,  who  are  usually  professors  of  mechani- 
cal engineering  in  some  college  or  technical  school,  who  proceed  to  lash  students 
to  the  front  of  tbe  engine,  one  on  each  side  of  the  cow-catcher,  furnishing  them 
with  levers,  pulleys,  strings,  indicators,  stop-watches,  etc.,  with  instructions  to 
take  cards  from  the  two  steam-cylinders  under  the  varying  conditions  of  load, 
speed,  and  grade.  The  observers  come  back  from  the  trip  with  their  hair  full  of 
dust  and  cinders,  their  faces  marked  with  grime,  and  their  hats  full  of  slips  of 
paper  covered  with  curved  lines,  all  differing  from  Hogarth's  line  of  beauty. 
Over  the^e  curved  lines  grave  professors  then  solemnly  ponder,  accountini;  as 
best  they  may  for  their  sinuosity,  and  gueasing  at  what  they  cannot  explain ; 
after  which,  with  the  aid  of  planometers,  scales,  and  logarithms,  they  figure  out 
that  one  engine  is  better  than  the  other. 

*'Not  so  were  settled  the  questions  as  to  which  locomotive  could  pull  more, 
steam  better,  run  faster  or  hang  on  longer,  in  the  days  in  which  flourished  the 
old  Cuyahoga  engines.     There  were  good  talkers  among  the  runners  of  those 
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days,  who  were  not  afraid  to  express,  in  language  often  more  ezpresfllye  than 
polite,  what  they  thought  in  favor  of  their  own  engines,  or  in  disparagement  of 
othera  ;  and  mauj  a  snmmer  day  was  made  warmer  as  a  group  of  engineers  on 
the  shady  side  of  the  rouud-hoose  wiiittled,  bragged,  and  bantered  each  other 
Once,  after  an  unusually  warm  debate  over  the  performance  of  a  newly  arrived 
Eastern  engine,  as  compared  with  a  pet  engine  built  at  the  *  old  Cuyahoga,'  it 
was  decided  to  have  a  trial  of  the  two  engines  in  order  to  settle  the  matter. 

''The  consent  of  the  master-mechanic  having  been  obtained,  a  trial  was 
arranged,  which,  in  every  respect,  differed  from  the  trial-trips  as  now  made  and 
above  described.  What  they  wanted  to  know  was,  which  of  the  two  engine«, 
having  the  same  quantity  of  wood  and  water,  could  go  the  farther  on  the  same 
day  and  over  the  same  track  ?  So  it  was  arranged  that  the  *  Cuyahoga  engine  * 
and  the  Eastern  or  Yankee  engine,  as  it  was  called,  should  both  start  on  an  equal 
footing  from  Columbus,  and  run  as  far  as  they  could  towards  Cleveland  without 
replenishing.  It  may  be  well  understood  that  each  engine  was  put  in  the  be^t 
possible  trim,  and  each  engineer  and  fireman  was  at  his  best.  Along  the  line  at 
every  town  were  gathered  the  railroad  men,  from  the  wood-sawyer  to  the  Btation- 
agent,  to  greet  and  cheer  their  favorites  as  they  rolled  along  northward,  until,  at 
last,  the  Eastern  engine  struck  the  descending  grade  several  miles  outftide  of 
Cleveland,  and  by  its  aid  managed  to  crawl  into  the  depot,  bereft  of  wood,  water, 
and  steam.  Then  the  query  was,  Where  was  the  *  Cuyahoga  engine,'  of  which 
so  much  WHS  expected  ?  had  it  gone  dead  and  cold  somewhere  back  in  the  woods, 
and  would  another  engine  have  to  be  sent  out  to  drag  it  in,  lifeless  and  disgraced  ? 

*•  For  a  while  it  looked  blue  for  the  Cleveland  boys,  but  not  long  ;  for  soon 
their  pet  engine  was  seen  bowling  down  the  grade,  and ,  as  it  neared  the  depot, 
the  crowd  parted  to  clear  the  track,  when  the  engineer  motioned  to  open  the 
switch  leading  to  the  Lake  Shore  track.  Then,  with  a  defiant  blast  of  victory, 
it  dashed  between  the  long  lines  of  spectators,  turned  its  front  towards  Buffalo, 
and,  climbing  the  heavy  eafttward  grade,  the  backwoods  engine  rolled  on,  and 
never  stopped  until  it  reached  Painesville,  thirty  miles  away,  and,  like  Sheridan, 
won  the  day.  Such  a  test  would  not  at  this  time  be  deemed  at  all  scientific,  or 
perhaps  satisfactory  ;  but  it  settled  the  dispute  years  ago,  when  the  trial-trip  was 
run  from  Columbus  to  Cleveland. 

"  The  shops  from  which  thef*e  engines  came  were  the  first  in  which  locomotives 
were  built  iu  the  Went ;  and  they  had  few  or  none  of  the  appliances  with  which 
the  present  locomotive-works  are  so  well  supplied.  They  were  situated  on  the 
banks  of  the  Cuyahoga  River,  with  no  tracks  near  on  which  to  place  the  engines 
after  they  were  completed  ;  and  many  a  man  would  have  shaken  his  head,  had  he 
been  asked  to  build  engines  in  such  a  shop  and  with  such  tools,  and  then  to  take 
them  over  a  rickety  pontoon-bridge  in  order  to  deliver  them  on  a  railroad  track. 
But  Ethan  Rogers  had  the  genius  to  manage  it,  and  the  pluck  to  dare  it. 

**  What  a  time  it  used  to  be,  when  it  was  noised  about  town  that  Rogers  was 
going  to  take  a  new  locomotive  over  the  bridge  !  and  what  a  job  It  wns  to  get  it 
up  out  of  the  yard  into  the  street,  and  to  run  it  around  there  on  an  improvi8e<l 
turn-table  I  After  this  was  accomplished,  long  timbers  were  laid  ^ross  the  old 
pontoon -bridge  and  a  short  diptence  on  the  opposite  bank.  In  the  meantime, 
steam  had  been  raised  in  the  boiler,  and  the  crowd  of  spectators  driven  from  off 
the  bridge,  and  the  street  cleared  for  a  run  which  might  result  in  reaching  the 
other  side,  or  in  pinking  bridge  and  all  to  the  bottom,  just  as  luck,  or  skill,  and 
the  coolness  of  Rogers  at  the  throttle  might  decide.     At  last  the  decisive  moment 
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is  come  ;  and,  with  a  shriek  that  might  indicate  defiance  or  despair,  the  throttle 
is  opened  aod  the  engine  makes  a  dash  at  the  bridge,  which,  feeling  its  weight, 
begins  to  sink  deeper  and  deeper,  as  the  spectators  hold  their  breath  and  wonder 
why  he  don't  go  faster  ;  but  Rogers  has  done  it  before,  and  he  will  do  it  again. 
Nearing  the  opposite  end  of  the  bridge,  with  the  water  behind  him  awash  on  the 
pontoons,  and  the  sinking  track  showing  a  sharp  up-grade  before  him,  he  pulls 
the  throttle- valve  to  its  widest  notch,  and  the  spurred  engine,  leaping  as  if  for 
life,  with  a  breathing  exhaust  that  tells  of  the  struggle  it  is  making,  climbs  up 
from  off  the  sinking  bridge,  and  lands  on  the  bank  safe  and  triumphant." 

Bat  this  memorial  grows  too  long  and  is  likely  to  trespass  upon 
what  others  would  like  to  say  in  r^retfol  memory  of  their  friend. 
We  all  have  known  of  lovely  men;  we  all  have  known  strong 
men.  It  is  not  given  to  many  to  combine  strength  with  grace  and 
lovelmess ;  to  combine  decision  of  character  with  a  persuasive 
manner ;  and,  above  all,  to  own  and  to  exhibit  the  loveliness  and 
purity  of  personal  character  which  have  made  all  who  knew  Mr. 
HoUoway  justly  proud  to  dcdm  him  as  their  friend. 
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MEMORIAL  SESSION  IN  HONOR   OF  THE  LATE 
J.  F.  HOLLOW  AT. 

(Foonder  of  the  Society  and  Past  President.) 

NOTB  BT  THB  SECRETARY. — It  WES  thought  bj  some  of  the  many  friends  of 
the  late  J.  F.  Holloway  that  the  debt  which  the  American  Society  of  Mechanical 
Engineere  owed  to  tlie  devoted  Interest  which  he  had  taken  in  it  made  it  fitting 
tliat  more  than  the  usaal  memorial  monograph  sliould  be  provided  for  at  the 
convention  of  the  Society  which  followed  his  death.  There  were  many  who 
woald*  value  an  opportunity  outside  of  the  regular  business  of  the  convention  to 
record  their  affection  and  admiration  for  him. 

In  view  of  the  rights  of  others,  however,  it  seemed  unwise  to  devote  a  reg^ar 
aesaion  of  a  busy  convention  to  a  matter  of  personal  character  iilte  this,  so  that 
it  was  arranged  to  hold  an  extra  or  voluntary  session  at  a  time  not  otherwise 
assigned,  at  which  only  those  interested  need  be  present.  This  was  held  at  8 
P.M.,  Wednesday,  December  2.  1896,  and  so  sincere  and  admirable  were  the 
tributes  presented  that  they  have  been  gatheied  together  into  the  following 
form.  The  session  was  called  to  order  by  Prof.  John  E.  Sweet,  who  had  pre- 
ceded Mr.  Holloway  in  the  presidentinl  office,  and  was  opened  by  the  memorial 
monograph.  No.  722,  read  by  the  Secretary. 

Mr.  W.  F.  Durfee, — The  poet  Wordsworth  once  said  : 

*'  There  is  one  great  society  alone  on  earth. 
The  noble  living  and  the  noble  dead." 

In  recent  years  we  have  enjoyed  the  genial  society  and  kindly 
counsel  of  a  noble  living  man,  who  has  gone  hence  and  taken  his 
appointed  place  among  the  noble  dead.  The  scenes  which  once 
knew  him  will  know  him  no  more ;  but  in  the  hearts  of  his  friends 
his  sterling  worth  has  builded  a  monument  which  will  endure  for- 
ever. Earth  has  far  too  few  such  men.  The  forces  of  evil  are  so 
assertive  in  modem  life,  the  greed  for  wealth  at  any  price  so 
eager,  the  rush  and  crush  for  place  and  power  so  terrible,  that  the 
friendship  of  a  man  so  cool,  calm,  self-poised,  able,  honest,  genial, 
just,  and  generous  as  he  of  whom  we  speak  with  poor  and  inade- 
quate words,  was  as  grateful  and  refreshing  as  ''  the  shadow  of  a 
great  rock  in  a  weary  land."     My  acquaintance  with  Mr.  Hollo- 
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way  commenced  in  1863,  when  he  was  the  superintendent  and 
mechanical  engineer  of  the  Cuyahoga  Steam  Furnace,  and  the 
friendship  then  begun  grew  with  the  rolling  yeara  and  strength- 
ened with  the  lapse  of  time ;  and  in  a  somewhat  broad  experience 
of  men,  I  remember  no  one  who  would  give  better  counsel,  or 
who  seemed  to  have  a  broader  foundation  of  that  homely,  old- 
fashioned,  granitic  rock  of  sterling  character,  common  sense — the 
ability  to  do  or  say  the  right  thing  in  the  right  way  at  the  right 
time — than  J.  F.  HoUowav. 

His  character  will  always  be  an  example  and  an  inspiration  to 
those  who  knew  him,  and  his  life-work  an  effective  illustration  of 
the  possibility  of  attaining  admirable  results  by  means  which 
modern  engineers,  despite  the  '^maxima  cum  laude'^'*  of  their 
diplomas,  would  regard  as  the  perfection  of  the  inadequate.  Mr. 
Holloway  was  not  the  kind  of  man  to  quarrel  with  his  tools  ;  he 
regarded  it  as  a  duty  to  make  the  means  with  which  he  was 
provided  do  the  work  offered,  and  do  it  excellently.  Obstacles 
with  him  were  merely  things  to  be  resolutely  encountered  and 
triumphantly  overcome ;  and  now  he  has  triumphed  over  all  the 
ills  of  time  in  laying  down  the  sacred  burden  of  life  so  sturdily 
borne  these  many  years.     It  has  been  said : 

"  He  most  lives 
Who  thinks  most,  feels  the  noblest,  acts  the  best." 

In  this  sense  our  friend's  life  was  full  and  abundant,  and  I  am 
confident  that  I  do  not  exaggerate  in  saying  that  no  man  ever 
fulfilled  the  duties  of  his  sphere  of  action  with  more  honest,  pains- 
taking, and  successful  endeavor,  and  none  ever  better  deserved 
that  commendation  which  will  surely  be  his,  "  Well  done,  good 
and  faithful  servant." 

Col.  E,  D,  Meier, — Mr.  Holloway  was  remarkable  for  clearness 
of  analysis.  With  the  utmost  patience  he  would  weigh  and  scru- 
tinize the  action  of  a  machine,  and  give  to  each  member  and  each 
circumstance  its  due  credit  for  the  work  accomplished.  He  under- 
stood  fully  before  he  attempted  to  describe,  and  then  in  words  so 
plain  and  lucid  told  the  story  that  conviction  and  concurrence 
were  natural  and  easy  to  every  one  who  read.  What  seemed 
doubtful  before  became  self-evident  from  his  simple  words,  and 
there  was  something  genial,  I  might  almost  say  poetic  in  his  style, 
that  made  you  feel  that  you  wanted  to  be  convinced,  to  be  at  one 
with  him.     And  how  his  heart  opened  to  friendship!     To  do  true 
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and  honest  work  in  the  profession  was  a  passport  to  his  good 
opinion.  Could  anything  be  more  touching  and  yet  replete  with 
most  subtle  and  gentle  wit  than  the  celebration  of  the  seventieth 
birthday  of  the  Nestor  of  American  Engineers  which  he  planned 
and  carried  through  ?  The  tabooed  "  set  speeches  "  were  avoided, 
yet  all  friends  were  heard  in  mimic  accusation  and  defence.  Thus 
fun  chose  the  words,  and  proud  friendship  gave  the  facts,  and  the 
tribute  became  more  adequate  and  lasting  than  any  '^  set  speeches  " 
could  have  made  it. 

How  willing  was  he  to  be  the  butt  in  friendly  tilt,  and  how 
skilfully  he  parried ! 

He  has  left  us  not  to  mourn,  for  to  have  known  him  can  be 
only  a  happy  and  pleasant  memory. 

Dr.  Charles  E,  Emery, — In  the  unexpected  and  somewhat  un- 
timely death  of  Past-President  J.  F.  Holloway,  all  have  suffered 
an  irreparable  loss.  His  was  one  of  those  rare  characters  who 
love  to  rnle  and  ruled  by  love.  He  was  always  thinking  of  others 
rather  than  himself,  the  mark,  according  to  Lord  Chesterfield,  of 
a  true  gentleman.  We  can  hardly  realize  that  he  is  not  at  this 
moment  moving  quietly  among  us,  introducing  one  to  another, 
and  studying  means  and  methods  whereby  we  may  be  instructed 
or  amused.  He  was  ever  the  same  in  business  and  in  private  life, 
winning  friends  and  making  conquests  in  a  genial,  unobtrusive 
way  which  impressed  all  with  whom  he  came  in  contact.  We 
miss  him  as  an  engineer,  as  a  valuable  member  of  this  Society 
who  has  several  times  served  it  officially,  but,  above  all,  we  miss 
him  as  a  friend  ;  we  miss  him  because  we  loved  him,  and  we 
loved  him  because  he  first  loved  us. 

Mr.  Thovms  D.  West. — I  was  closely  associated  with  Mr.  Hol- 
loway for  about  six  years,  during  his  presidency  of  the  Cuyahoga 
Steam  Foundry  Company  of  Cleveland,  Ohio,  and  I  feel  privileged 
to  lay  claim  to  know  something  of  his  many  virtues  as  a  true  man, 
mechanical  engineer,  and  able  manager. 

Every  man  who  labors  to  leave  the  world  better  than  he  found 
it,  and  encourages  his  fellowman  to  a  higher  life,  as  well  as  to 
render  all  the  assistance  in  his  power  to  those  in  distress  or  trouble, 
is  deserving  of  recognition  and  gratitude  at  the  hands  of  all  believ- 
ing in  what  is  noble,  grand,  and  true  in  man.  My  close  associa- 
tion with  Mr.  Holloway  under  his  able  management  of  the  "  Old 
Cuyahoga  "  caused  me  to  observe  almost  daily  some  new  quality 
in  his  character  to  increase  my  respect  and  admiration  for  him. 
40 
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Among  the  best  things  to  be  said  of  him  is  the  great  respect 
which  all  his  employees  entertained  for  him.  His  actions  had 
proven  to  them  all  that  they  knew  where  to  turn  if  in  need  of  a 
true  friend.  Rank  or  station  had  very  little  weight  with  him^ 
unless  such  had  been  secured  by  merit.  He  was  a  true  American 
and  a  thorough  believer  in  encouraging  man  to  lift  himself* 
A  self-made  man  stood  higher  in  his  estimation  than  a  king. 
He  loved  his  fellowman  and  was  constantly  on  the  alert  to  do 
him  good,  and  there  are  many  living  to-day  who  could  testify 
to  his  aid  as  being  that  which  started  them  on  their  road  to 
success. 

His  interest  in  mechanical  matters  throughout  the  world  and 
at  his  own  works  was  unbounded.  His  nature  was  that  of  the 
true  mechanic,  and  he  always  exhibited  the  greatest  skill  and 
unerring  judgment  in  all  his  undertakings.  Whatever  he  did 
always  caused  those  under  him  to  recognize  his  ability  as  a  master 
hand,  both  as  a  mechanical  engineer  and  manager.  There  cannot 
be  too  much  said  in  his  praise.  The  world  is  better  for  his  hav- 
ing lived,  and  could  there  be  only  more  like  him  than  there  are,  the 
world  would  be  much  the  better  for  it. 

Mr.  J.  S.  Lane. — I  wish  to  add  my  word  of  tribute  to  the 
memory  of  Mr.  J.  F.  Hollo  way. 

We  were  from  the  same  county  in  Ohio,  and  my  acquaintance 
dates  back  to  my  boyhood.  There  are  three  points  in  his  noble 
and  well-rounded  character  that  I  desire  to  mention.  First,  his 
consideration  of  and  kindness  and  helpfulness  to  young  men* 
Pardon  a  personal  allusion. 

I  well  remember  that  with  mingled  feelings  of  diffidence  and 
pleasure  I  showed  him  through  a  shop  that  I  had  charge  of  at  the 
early  age  of  twenty-two,  and  how  happy  he  made  me  by  a  word 
of  praise  here  and  there,  and  a  word  or  two  of  advice  from  his 
experience,  given  so  graciously  as  not  to  seem  like  criticism. 
Two  years  later  I  visited  the  Cuyahoga  Steam  Furnace  Co.  works 
in  Cleveland,  and  on  asking  Mr.  Hollo  way  for  permission  to  go 
through  the  works,  he  not  only  granted  it,  but  personally  con- 
ducted me  through  very  carefully.  One  remark  of  his  comes  to 
my  mind.  We  stopped  to  look  at  a  planer.  A  large  casting  was 
fastened  by  the  side  of  the  planer,  on  the  floor,  and  a  tool  on  an 
upright  bolted  to  the  planer  table  was  going  back  and  forth, 
planing  the  side  of  the  casting.  He  remarked  :  "  I  don't  see  the 
sense  of  moving  a  ten-ton  casting  against  a  ten-pound  steel  tool. 
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Do  you  ? "  While  at  dinner  in  a  hotel  that  day,  Mr.  Hollo  way 
laid  his  hand  on  my  shoulder,  and  kindly  asked  jne  if  I  oould 
come  to  his  office  at  two  o'dock.  I  went,  and  he  said  that  after  I 
had  been  in,  the  manager  of  the  largest  iron  mine  on  Lake  Su- 
perior had  called,  inquiring  for  a  draughtsman  and  master  me- 
chanic, and  that  he  had  recommended  me.  It  resulted  in  my 
starting  for  Lake  Superior  within  a  week.  Many  young  men 
could  give  the  same  testimony  of  his  thoughtful  helpfulness. 
Some  years  later,  when  the  American  Institute  of  Mining  Engi- 
neers were  on  a  trip  to  the  iron  and  copper  mines  of  Lake  Su- 
perior, it  was  my  privilege  to  assist  in  showing  them  about  some 
of  the  mines. 

Just  before  the  business  meeting  in  the  evening,  Mr.  HoUoway 
came  to  me  and  said,  ''  You  will  be  elected  a  member  to-night." 
I  told  him  that  I  was  more  of  a  mechanical  than  mining  engineer. 
He  assured  me  that  it  was  all  right,  and  I  was  made  a  member, 
with  Mr.  HoUoway's  name  first  on  the  application. 

My  second  point  is  the  rare  good  combination  of  engineer  and 
business  man  found  in  Mr.  HoUoway.  He  knew  just  where  to 
stop  finishing  or  putting  on  unnecessary  work. 

My  third  point  is  his  loyal  fidelity  to  trusts  committed  to  him. 
He  was  a  Christian  gentleman  in  every  sense  of  the  word. 

When  in  charge  of  the  Cleveland  Steam  Furnace  Co.  he  had 
several  flattering  oflfers  to  go  elsewhere  and  with  higher  salary 
than  he  could  expect  where  he  was.  His  partner,  Mr.  Castle, 
having  died,  leaving  his  wife  and  family  an  interest  in  the  works, 
Mr.  HoUoway  declined  all  oflfers  and  stayed  by  the  trust,  and  so 
did  exceedingly  well  by  the  family  of  his  late  partner  and  all  con- 
cerned. Mr.  HoUoway  was  a  pattern  man,  and  I  for  one  feel  that 
I  have  lost  a  good  and  kind  elder  brother. 

Mr.  Francis  H.  Richards, — There  must,  I  think,  be  few  among 
the  members  of  this  Society  who  do  not,  on  such  occasions  as  this, 
look  back  to  their  student  days  and  remember  with  what  respect 
they  held  the  memory  and  works  of  the  pioneers  in  the  field  of 
industrial  engineering,  such  men  as  Watt,  Stephenson,  Brunei, 
Trevithick,  Fulton,  and  many  others  who  had  then  finished  their 
work  and  laid  down  their  burdens.  What  an  inspiration  it  has 
been  to  many  a  young  engineer  to  go  over  the  story  of  the  labors, 
the  failures  and  successes,  which  made  up  in  such  large  measure 
the  lives  of  nearly  all  of  those  men,  our  eminent  predecessors  ! 

Our  friend  HoUoway,  who  so  many  of  us  might  weU  term 
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Among  the  best  things  to  be  said  of  him  is  the  great  respect 
which  all  his  employees  entertained  for  him.  His  actions  had 
proven  to  them  all  that  they  knew  where  to  turn  if  in  need  of  a 
true  friend.  Rank  or  station  had  very  little  weight  with  him^ 
unless  such  had  been  secured  by  merit.  He  was  a  true  American 
and  a  thorough  believer  in  encouraging  man  to  lift  himself. 
A  self-made  man  stood  higher  in  his  estimation  than  a  king. 
He  loved  his  fellowman  and  was  constantly  on  the  alert  to  do 
him  good,  and  there  are  many  living  to-daj*^  who  could  testify 
to  his  aid  as  being  that  which  started  them  on  their  road  to 
success. 

His  interest  in  mechanical  matters  throughout  the  world  and 
at  his  own  works  was  unbounded.  His  nature  was  that  of  the 
true  mechanic,  and  he  always  exhibited  the  greatest  skill  and 
unerring  judgment  in  all  his  undertakings.  Whatever  he  did 
always  caused  those  under  him  to  recognize  his  ability  as  a  master 
hand,  both  as  a  mechanical  engineer  and  manager.  There  cannot 
be  too  much  said  in  his  praise.  The  world  is  better  for  his  hav- 
ing lived,  and  could  there  be  only  more  like  him  than  there  are,  the 
world  would  be  much  the  better  for  it. 

Mr,  J,  S.  Lane. — I  wish  to  add  my  word  of  tribute  to  the 
memory  of  Mr.  J.  F.  HoUoway. 

We  were  from  the  same  county  in  Ohio,  and  my  acquaintance 
dates  back  to  my  boyhood.  There  are  three  points  in  his  noble 
and  well-rounded  character  that  I  desire  to  mention.  First,  his 
consideration  of  and  kindness  and  helpfulness  to  young  men. 
Pardon  a  personal  allusion. 

I  well  remember  that  with  mingled  feelings  of  diffidence  and 
pleasure  I  showed  him  through  a  shop  that  I  had  charge  of  at  the 
early  age  of  twenty-two,  and  how  happy  he  made  me  by  a  word 
of  praise  here  and  there,  and  a  word  or  two  of  advice  from  his 
experience,  given  so  graciously  as  not  to  seem  like  criticism. 
Two  years  later  I  visited  the  Cuyahoga  Steam  Furnace  Co.  works 
in  Cleveland,  and  on  asking  Mr.  Holloway  for  permission  to  go 
through  the  works,  he  not  only  granted  it,  but  personally  con- 
ducted  me  through  very  carefully.  One  remark  of  his  comes  to 
my  mind.  We  stopped  to  look  at  a  planer.  A  large  casting  was 
fastened  by  the  side  of  the  planer,  on  the  floor,  and  a  tool  on  an 
upright  bolted  to  the  planer  table  was  going  back  and  forth, 
planing  the  side  of  the  casting.  He  remarked  :  "  I  don't  see  the 
sense  of  moving  a  ten-ton  casting  against  a  ten-pound  steel  tool. 
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Do  you  ? "  While  at  dinner  in  a  hotel  that  day,  Mr.  Hollo  way 
laid  his  hand  on  my  shoulder,  and  kindly  asked  me  if  I  could 
come  to  his  office  at  two  o'clock.  I  went,  and  he  said  that  after  I 
had  been  in,  the  manager  of  the  largest  iron  mine  on  Lake  Su- 
perior had  called,  inquiring  for  a  draughtsman  and  master  me- 
chanic, and  that  he  had  recommended  me.  It  resulted  in  my 
starting  for  Lake  Superior  within  a  week.  Many  young  men 
could  give  the  same  testimony  of  his  thoughtful  helpfulness. 
Some  years  later,  when  the  American  Institute  of  Mining  Engi- 
neers were  on  a  trip  to  the  iron  and  copper  mines  of  Lake  Su- 
perior,  it  was  my  privilege  to  assist  in  showing  them  about  some 
of  the  mines. 

Just  before  the  business  meeting  in  the  evening,  Mr.  HoUoway 
came  to  me  and  said,  "  You  will  be  elected  a  member  to-night." 
I  told  him  that  I  was  more  of  a  mechanical  than  mining  engineer. 
He  assured  me  that  it  was  all  right,  and  I  was  made  a  member, 
with  Mr.  Holloway's  name  first  on  the  application. 

My  second  point  is  the  rare  good  combination  of  engineer  and 
business  man  found  in  Mr.  Holloway.  He  knew  just  where  to 
stop  finishing  or  putting  on  unnecessary  work. 

My  third  point  is  his  loyal  fidelity  to  trusts  committed  to  him. 
He  was  a  Christian  gentleman  in  every  sense  of  the  word. 

When  in  charge  of  the  Cleveland  Steam  Furnace  Co.  he  had 
several  flattering  offers  to  go  elsewhere  and  with  higher  salary 
than  he  could  expect  where  he  was.  His  partner,  Mr.  Castle, 
having  died,  leaving  his  wife  and  family  an  interest  in  the  works, 
Mr.  Holloway  declined  all  oflFers  and  stayed  by  the  trust,  and  so 
did  exceedingly  well  by  the  family  of  his  late  partner  and  all  con- 
cerned. Mr.  Holloway  was  a  pattern  man,  and  I  for  one  feel  that 
I  have  lost  a  good  and  kind  elder  brother. 

Mr,  Framcis  H.  Richards. — There  must,  I  think,  be  few  among 
the  members  of  this  Society  who  do  not,  on  such  occasions  as  this, 
look  back  to  their  student  days  and  remember  with  what  respect 
they  held  the  memory  and  works  of  the  pioneers  in  the  field  of 
industrial  engineering,  such  men  as  Watt,  Stephenson,  Brunei, 
Trevithick,  Fulton,  and  many  others  who  had  then  finished  their 
work  and  laid  down  their  burdens.  What  an  inspiration  it  has 
been  to  many  a  young  engineer  to  go  over  the  story  of  the  labors, 
the  failures  and  successes,  which  made  up  in  such  large  measure 
the  lives  of  nearly  all  of  those  men,  our  eminent  predecessors  ! 

Our  friend  Holloway,  who  so  many  of  us  might  well  term 
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"  our  elder  brother  IloUoway,"  always  impressed  me  as  naturally 
belonging  to  that  company  of  pioneers  who,  beginning  a  cen- 
tury ago,  laid  so  firmly  the  basis  for  that  enormous  extension  of 
the  industrial  arts  which  is  one  of  the  glories  of  this  present 
generation. 

My  acquaintance  with  Mr.  HoUoway  began  in  1882,  and  I  well 
remember  our  first  meeting  at  one  of  the  sessions  of  this  Society. 
Our  acquaintance  so  casually  begun  soon  ripened  into  a  friendship 
which  continued  unbroken  until  lie  passed  from  among  us.  I 
have  met  Mr.  HoUoway  in  many  different  places  and  under 
varied  circumstances,  and  he  was  always  the  same  genial  soul, 
and  never  seemed  to  lose  that  deep  sincerity  which  was  one  of 
his  distinguishing  characteristics.  Meeting  him  frequently  in  his 
own  works  at  Cleveland,  at  the  Civil  Engineers'  Club  of  Cleve- 
land, at  the  conventions  of  this  Society,  and  at  its  banquets  and 
tours  of  inspection,  I  early  found  him  to  be  a  man  with  a  many- 
sided  experience,  and  always  taking  a  healthful  and  progressive 
view  of  whatever  scene  lay  before  him. 

When  we  remember  how  truly  the  progress  of  the  world  is 
controlled  by  the  smaller  and  often  silent  forces — how  the  switch- 
point,  so  to  speak,  on  the  railway  of  time,  rather  than  the  engi- 
neers and  conductors,  determine  by  what  route  the  train  of 
progress  shall  travel,  we  may  well  wonder  if,  after  all,  the  quiet 
and  unassuming  men  like  HoUoway  are  not  in  fact  the  real  pilots 
who  have  been,  unconsciously  or  otherwise,  determining  the 
direction  and  the  manner  of  the  onward  march  of  our  modern 
industries. 

Especially  can  I  commend  what  has  been  said  of  Mr.  HoUo- 
way's  generous  interest  in  the  welfare  of  young  men,  and 
especiaUy  of  such  as  gave  promise  of  abiUty  in  engineering 
lines.  Few  who  have  known  him  wUl  cease  to  miss  him,  and 
few  there  be  who  have  known  him  who  may  not  well  emulate 
his  example. 

Mr.  John  Stavton. — In  paying  my  tribute  to  the  memory  of 
our  departed  brother  HoUoway,  I  will  refrain  from  attempting 
any  biography  or  from  recounting  his  professional  experiences 
and  triumphs.  The  beautiful  memorial  which  our  Secretary  has 
prepared  fully  covers  that  ground,  and  any  words  from  me  on 
that  point  would  be  at  this  time  entirely  superfluous.  But  I  will 
give  you,  in  a  few  words,  my  own  impressions  as  to  his  personal 
characteristics,  which,  after  all,  were  the  attractions  which  bound 
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to  him  so  strongly  those  with  whom  he  came  into  close  personal 
relationship.  He  was  one  of  the  most  lovable  of  men,  of  a 
winning  and  gracious  demeanor,  and  ever  ready  to  help,  by  his 
knowledge  and  experience,  any  one  who  came  to  him  for  counsel 
or  advice.  Sincere  in  his  professional  statements,  sincere  in  his 
business  transactions,  and  sincere  in  his  friendship,  it  is  not  strange 
that  he  gathered  around  him  so  many  sincere  friends.  During 
the  twenty  or  more  years  in  which  it  has  been  my  good  fortune 
to  enjoy  his  friendship,  I  have  often  had  occasion  to  take  counsel 
with  him  on  professional  matters,  besides  having  had,  from  time 
to  time,  business  transactions  with  him,  and  I  have  always  found 
that  the  advice  he  gave  me  and  the  machinery  he  constructed 
for  me  were  alike  sensible  and  substantial— characteristic  of  the 
man. 

Since  the  organization  of  the  Engineers'  Club  in  1888,  he  took  an 
active  part  in  its  management,  having  been  its  honored  President 
for  two  years,  and  those  of  us  who  came  into  almost  daily  contact 
with  him  there  can  best  appreciate  the  genial  and  graceful  manner 
in  which  he  performed  the  duties  of  his  office  and  cared  for  the 
comfort  and  enjoyment  of  his  fellow  members ;  for  he  was  not 
only  one  of  the  best  of  companions  himself,  but  seemed  to  have  the 
gift  of  promoting  companionship  and  good  feeling  amongst  others. 
Although  he  totally  abstained  from  the  use  of  stimulants,  yet  he 
found  great  pleasure  in  attending  our  feasts  and  other  social 
gatherings,  where  he  was  wont  to  delight  us  with  speeches  replete 
with  information  and  illumined  by  flashes  of  the  most  delicate  wit 
and  humor.  * 

Mr.  Holloway  was  a  man  who,  in  all  the  relations  of  life,  acted 
well  his  part :  as  apprentice  and  workman  in  a  shop,  following  his 
calling  with  intelligence  and  industry ;  as  an  employer,  just  and 
generous ;  as  an  engineer  and  business  man,  enjoying  the  confi- 
dence of  the  community ;  as  an  associate  and  a  companion,  beloved 
by  all;  while  in  his  domestic  life  he  was  beyond  reproach. 
Surely  his  character  was  entirely  symmetrical.  And  yet,  Mr. 
Chairman,  Mr.  Holloway  had  lived  beyond  the  mark  of  three 
score  years  and  ten,  and  although  to  those  who  were  close  to  him 
he  seemed  to  be  still  a  strong  man,  in  vigorous  health,  yet  nature 
will  have  its  way,  and  when  the  dread  summons  arrives  there  is 
no  possibility  of  evading  it.  Our  comrade  is  no  longer  with  us  in 
the  flesh,  but  his  example  and  memory  of  his  kindly  and  sym- 
j>athetic  personality  still  remain  with  us,  and  I  doubt  not,  sir,  that 
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in  spirit  he  is  still  with  this  Society,  in  which  he  took  so  great  an 
interest. 

''  So  when  a  good  man  dies, 
For  years  beyond  his  ken 
The  lii^ht  he  leavefi  b«*hind  him  Ilea 
Upon  the  path  of  men." 

Mr.  Robert  W.  Hunt, — It  is  with  a  sad  heart  that  I  seek  to  lay 
my  tribute  on  the  tomb  of  our  departed  friend.  The  engineer 
seeks  to  solve  the  problems  of  nature,  understanding  them  never. 
He  seeks  to  use  those  forces  which  are  really  so  beyond  his  control. 
But  of  all  problems  presented  to  the  human  mind,  what  so  great 
as  that  of  life  itself  ?  and  under  the  duties  and  the  burdens  of  the 
wonderful  condition  in  which  we  find  ourselves  placed,  it  is  he 
who  seeks  to  make  those  around  him  better  and  happier  who  is 
the  best  citizen  and  best  serves  that  overruhng  power  which  has 
given  this  duty  to  all  of  us. 

We  of  this  Society,  and  particularly  those  of  the  older  mem- 
bers, are  somewhat  like  soldiers  recalling  their  former  campaigns ; 
and  so  it  is  with  all  men  and  all  conditions.  Fortunatel}'^,  it  is  the 
pleasant  things  which  stand  out  prominently.  The  trials  and  the 
tribulations  sink  into  insignificance.  It  is  the  successful  repulse 
of  the  attack  that  is  recalled.  It  is  the  overwhelming  triumph 
of  the  conquering  charge  which  is  remembered,  and  it  is  the  touch 
of  the  elbow  of  those  faithful  friends  who  made  those  things  pos- 
sible, which  delight  the  recollection  and  the  heart  in  retrospection. 
And^so  we  of  this  Society,  in  looking  back  to  those  early  days,  to 
those  friendships  formed  as  this  Society  was  organized  and  brought 
up  to  its  present  successful  status,  recall  those  dear  ones  gone 
who  made  it  what  it  is.  Think  of  the  great  engineer,  the  suc- 
cessful mechanic,  the  steadfast  friend,  Worthington ;  the  brilliant, 
the  lovable,  and  loving  Holley  ;  that  heartful  man  of  all-pervading 
humanity — Cox  ;  and  now  the  gentle,  the  affectionate  HoUoway. 
What  a  galaxy  w^e  have !  I  suppose,  I  know,  that  the  younger  mem- 
bers of  this  Society  must,  too,  be  forming  those  associations  which, 
in  after  life,  will  be  just  as  precious  to  them  as  these  are  to  us.  And 
it  is  right  that  it  should  be  so.  Were  it  otherwise,  life  would  not 
be  worth  living.  The  dead  are  gone  ;  we  mourn  the  dead.  But 
the  living  are  here,  and  they  are  here  to  carry  out  the  duties  so 
well  performed  b}^  the  just  dead.  And  can  any  of  us  ask  that 
when  the  time  comes  for  a  tribute  to  be  paid  to  us — and  may  we 
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hope  that  it  can  be  paid  as  we  pay  it  to-day  to  the  memory  of 
Holloway — can  we  ask  a  higher  tribute,  a  better  epitaph  than 
this — he  was  no  man's  enemy  ;  he  was  a  long-suflfering,  a  forgiv- 
ing, and  a  loving  friend  to  all  humanity  ? 

Mr.  Worcester  R.  Warner. — I  rise  to  speak  of  Mr.  Holloway 
as  one  who  loved  him,  and  yet  in  that  position  I  am  not  unique, 
for,  "  To  know  him  was  to  love  him,  to  name  him  was  to  praise" ; 
and  you  all  know  him — you  have  known  him  for  many  years — 
and  you  must  all  have  loved  him.  I  recall  to-day  the  time  when 
I  first  met  him,  away  back  in  1881.  He  was  then  President  of 
the  Civil  Engineers'  Club  in  Cleveland,  and  I  was  a  newcomer  in 
the  city  and  was  welcomed  by  him,  and  I  remember  from  that  time 
on  his  genial  cordiality  and  the  Christian  spirit  and  lovable  nature 
that  he  manifested  everywhere.  So  I  can  see  and  you  can  see  why 
we  all  loved  him.  I  followed  him  in  all  these  years.  In  fact,  all 
the  younger  engineers  have  followed  him  and  have  willingly  sat  at 
his  feet  to  learn,  and  I  can  recall  many  instances  where  he  has 
made  men  better  and  made  men  happier,  but  I  will  mention  only 
one  that  occurred  in  this  room  just  a  year  ago  now.  A  paper  had 
been  read — a  paper  in  which  the  members  were  not  interested. 
It  was  opened  for  discussion  and  nobody  had  anything  to  say, 
until  Mr.  Holloway,  sitting  at  the  other  side  of  the  room,  stood  up 
and  asked  the  author  of  the  paper  some  question  about  it,  and 
made  a  pleasant  little  address  referring  to  some  interesting  feat- 
ures of  the  subject,  and  that  started  the  discussion.  One  member 
after  another  got  up  and  spoke,  and  it  was  a  very  interesting  dis- 
cussion that  resulted.  After  the  meeting  I  went  to  Mr.  Holloway 
and  said :  "  I  want  to  thank  you  personally  for  the  kindness  you 
have  done  to  the  author  of  that  paper."  And  his  genial  repl}^  I 
remember  well.  He  said  :  "  Oh,  well,  I  didn't  want  the  engine 
to  get  on  a  centre ;  I  thought  I  would  pry  it  over."  That  is  all 
he  did ;  he  pried  it  over  the  centre  and  started  the  wheels  run- 
ning, and  we  were  all  happy,  and  the  autlior  of  the  paper  was 
happy — thanks  to  this  one  man's  tact  and  good  heart  and  fine 
insight,  which  he  always  manifested  wherever  he  was  and  in  what- 
ever associations  he  was  found. 

I  recall  the  old  quotation  that  we  have  heard  from  our  child- 
hood ;  we  are  hearing  it  very  often,  but  it  seems  to  me  that  I 
have  never  found  the  man  to  whom  it  was  more  truly  applicable 
than  to  Mr.  Holloway,  and  so  permit  me  in  conclusion  to  repeat 
to  you  the  familiar  lines :  "  His  life  was  gentle,  and  the  elements 
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SO  mixed  in  him  that  Nature  might  stand  up  before  the  whole 
world  and  say,  He  was  a  man." 

Mr,  Snow*  — My  acquaintance  with  Mr.  HoUoway  was  rather 
of  short  duration,  only  intimately  after  we  had  been  associated  in 
business.  We  found  Mr.  HoUoway  a  very  able  adviser  and  re- 
lied on  his  judgment  in  the  conduct  of  our  business,  and  we  always 
found  it  to  be  very  good.  We  not  only  profited  by  his  advice 
in  our  business,  but  we  all  grew  to  love  him  and  regard  him  as  a 
very  conscientious  and  able  man  in  every  respect.  I  shall  never 
forget  my  feelings  on  the  morning  that  I  learned  of  his  death.  I 
was  in  Paris,  France,  at  the  time ;  just  had  arisen,  and  was  dress- 
ing myself,  when  a  cablegram  reached  me  stating  the  fact  of  his 
death,  and  it  was  almost  impossible  for  me  to  suppress  the  feel- 
ing of  sorrow  that  came  over  me,  and  it  practically  upset  me  for 
the  whole  day.  I  am  sure  that  all  of  the  oflScials  connected  with 
our  business  felt  in  the  same  manner  toward  Mr.  HoUoway ;  we 
were  all  very  much  shocked  by  his  sudden  taking  away.  We  do 
not  feel  that  we  shall  ever  secure  a  man  that  will  be  of  as  much 
service  to  us,  and  I  assure  you  that  we  all  regretted  his  death 
very  much,  for  we  not  only  looked  upon  him  as  a  vrise  counsellor, 
but  as  a  dear  friend. 

Mr.  Hosea  Webster. — During  Mr.  HoUoway 's  connection  with 
Henry  R.  Worthington,  it  was  unfortunately  seldom  that  I  was 
thrown  in  contact  with  him,  my  connection  with  the  company 
being  through  the  Chicago  office.  But,  of  course,  I  was  caUed 
from  time  to  time  to  the  main  office,  and  was  always  looking  for 
chances  to  get  posted  on  everything  that  was  going  on — ^getting 
information  as  to  the  latest  developments  of  the  business,  and  I 
never  failed  to  get  the  fuUest  and  the  most  complete  and  cordial 
attention  from  Mr.  HoUoway.  As  those  who  are  young  in  expe- 
rience very  well  know,  frequent  complications,  vexations  often 
discouraging,  would  arise,  and  I  always  felt  when  in  that  position 
that  I  could  go  to  Mr.  HoUoway,  and  that  a  very  few  words 
from  him  would  clear  away  the  clouds  and  make  everything 
seem  bright.  I  am  sure  that  every  young  man  who  has  heard 
the  expressions  of  good-will  and  affection  from  those  of  you  who 
have  spoken  this  afternoon  must  hope  that,  when  we  have  done 
our  part  as  well  as  we  know  how,  we  can  ask  for  no  higher  trib- 
ute than  what  has  been   heard  to-day  in  connection  with  our 

*  Mr.  Snow  was  Vice-President  of  the  company  with  which  Mr.  HoUoway  was 
connected  at  the  time  of  his  death,  and  was  present  by  iBy\ta.t\on.^Secretary. 
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good  friend,  Mr.  Holloway.  I  am  sorry  that  there  is  not  a  rep- 
resentative here  who  could  perhaps  go  into  details  and  give  you 
some  anecdotes  of  the  pleasant  associations  which  existed  be- 
tween him  and  our  company.  One  which  I  have  heard  several 
times  would,  perhaps,  be  interesting,  and  it  certainly  shows  the 
character  of  two  of  the  principal  members  of  the  Society  whom 
we  all  love  to  honor.  Years  ago  Mr.  Holloway  built  for  the 
city  of  Cleveland  a  pumping  engine  which  in  its  details  was  very 
much  like  the  duplex  pump  at  that  time  made  under  Mr.  Worth- 
ington's  patents.  Mr.  Holloway,  I  am  satisfied,  from  the  way  in 
which  the  anecdote  has  been  told,  was  not  acquainted  thoroughly 
with  the  details  of  the  engine  as  patented  by  Mr.  Worthington. 
As  you  may  know,  a  suit  for  infringement  was  instituted.  It 
came  to  trial,  and  Mr.  Holloway  and  Mr.  Worthington,  both 
present  in  the  court-room,  were  eventually  introduced  to  each 
other.  Both  were  charming  men,  and,  of  course,  had  a  charming 
talk,  and  I  am  told  that  Mr.  Holloway  said :  "  Mr.  Worthington, 
if  I  had  known  you,  I  never  would  have  built  that  pumping 
engine."  Mr.  Worthington,  in  his  characteristic  way,  said :  "  Mr. 
Holloway,  if  I  had  known  you,  I  never  would  have  introduced 
this  suit."  The  suit  was  then  and  there  discontinued,  and  forever 
after  they  were  the  firmest  and  the  warmest  friends. 

As  I  have  said  before,  it  seems  to  me  that  the  expressions  of 
tribute  which  have  been  given  here  to-day  are  the  best  monu- 
ment, after  all,  which  a  man  can  have.  If  your  friends  speak  so 
well  of  you  wten  you  are  gone,  what  a  joy,  what  a  pleasure,  it 
must  be  to  your  friends  and  your  family !  It  certainly  is  an  in- 
spiration to  young  men  to  act  with  toleration  and  with  the  feel- 
ing that  there  are  others  who  are  struggling,  that  there  are  others 
who  need  your  help  and  whom  you  may,  even  in  the  little  things 
of  life,  often  "  help  over  the  centre." 

Mr,  S.  T,  WeUman. — I  would  like  to  express  my  feelings, 
but  I  cannot  put  them  in  proper  shape.  My  acquaintance  with 
Mr.  Holloway  goes  back  over  twenty  years.  I  came  to  Cleve- 
land a  young  man,  and  soon  after  I  came  there  I  became  ac- 
quainted with  Mr.  Holloway,  and  the  acquaintance  commenced 
then  has  lasted  all  through  these  years  and  has  been  pleasanter 
every  year.  It  was  a  great  regret  to  me  that  when  he  moved  to 
New  York  I  could  not  see  him  as  often  as  formerly,  but  when- 
ever I  did  meet  him  the  pleasure  was  greater,  and  he  always 
had  a  good  word  and  he  always  was  full  of  ^reminiscences  and 
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was  always  inquiring  for  friends  in  Cleveland.  When  he  came 
to  Cleveland,  he  always  called  to  see  me,  and  it  is  needless  to  say 
that  I  always  called  on  him  when  it  was  possible  for  me  to  do  so 
here.  I  only  wish  that  there  were  more  men  in  the  world  like 
him.     The  acquaintance  of  such  men  makes  life  worth  living. 

Mr,  John  Piatt — I  would  like  to  add  my  little  word  of  tribute 
as  one  of  the  younger  members  of  this  Society  to  one  who  was 
always  to  me  a  very  dear  friend.  I  met  Mr.  HoUoway  first  in 
1888,  very  soon  after  I  came  to  this  country.  My  father  had  had 
the  privilege  of  knowing  him  for  some  time,  and  so  I  saw  Mr.  Hol- 
loway  very  soon  after  I  came  here.  A  little  later  I  was  with 
him  at  the  meeting  of  this  Society  in  Scranton,  and  we  had  a  most 
delightful  time,  and  he  was  then  good  enough  to  propose  me  as  a 
member  of  the  Society.  Many  of  the  older  metfibers  here  have 
spoken  of  Mr.  Holloway  as  such  a  good  friend  to  the  young  men 
of  the  Society,  and  I  personally  can  speak  of  this.  I  used  to  call 
in  to  see  him  whenever  I  wanted  to  ask  about  anything,  and  he 
was  always  most  kind  and  cordial,  and  I  do  not  know  of  any  one 
whose  memory  is  so  very  dear  as  that  of  our  friend  Mr.  Holloway. 

Mr.  TT.  S,  Rogers. — This  year  I  have  met  with  two  sad  losses. 
One  was  my  father ;  the  other  was  Mr.  Holloway,  and  I  am  sincere 
in  saying  that  I  felt  the  death  of  the  latter  as  keenly  as  that  of  the 
former.  I  was  associated  with  Mr.  Holloway  for  a  year,  in  a 
very  trying  position,  where  he  was  a  tower  of  strength  to  me  from 
daylight  until  darkness.  He  was  the  only  one  to  whom  I  could 
go  in  fullest  confidence,  explain  my  troubles,  and*  get  encourage- 
ment which  removed  all  obstacles.  We  have  heard  a  great  many 
things  said  of  his  kindness  toward  young  men,  and  in  the  years 
I  have  known  him  he  has  continually  been  searching  out  bright 
young  men  in  the  places  we  have  visited  together.  When  I  went 
with  this  Society  on  my  initial  visit,  at  the  Nashville  meeting,  it 
was  Mr.  Holloway  whom  I  met  first  and  who  inspired  me,  a  green- 
horn, with  confidence,  and  put  me  at  ease  among  the  many  wise  and 
distinguished  men  there.  A  poor  boy  came  to  the  Snow  Pump 
Works  to  learn  the  machinist's  trade ;  to  be  simply  a  machinist, 
and  know  how  to  use  tools,  was  the  height  of  his  ambition.  Mr. 
Holloway  found  him,  and  called  my  attention  to  the  fact  that 
*'  there  was  good  stuff  in  that  boy."  A  few  evenings  later  the 
young  man  had  an  opportunity  of  meeting  Mr.  Holloway  at  my 
Jiome,  and  the  result  of  that  evening's  contact  was  the  young  man's 
entering  a  Westel-n  university  for  a  four  years'  course  in  mechan- 
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ical  engineering,  where  he  is  battling  his  way  through,  fitting 
himself  for  a  higher  station  in  life  than  he  ever  dreamed  of  prior 
to  meeting  our  departed,  loved  friend,  who  impressed  on  his 
memory  forever  the  maxim,  "  Where  there  is  a  will  there  is  a 
way." 

Mr.  E,  H.  Mumford. — It  was  my  good  fortune  to  be  one  of  Mr. 
Holloway's  young  men.  I  am  sorry  to  say  I  was  not  one  of  his 
bright  young  men  to  whom  Mr.  Rogers  refers.  I  am  conscious 
that  I  was  a  constant  disappointment  to  Mr.  HoUoway.  But  for 
two  years  toward  the  latter  end  of  Mr.  Holloway's  life  I  knew 
him  almost  intimately,  when  I  came  from  the  West  to  New  York, 
and  was  constantly  subject  to  his  advice.  I  would  like  to  quote 
here  now  some  of  the  excellent  things  he  told  me  to  do,  most  of 
all  in  the  last  year  of  the  two  I  have  referred  to,  when  it  was  my 
exceptional  privilege  to  sit  back  to  back  and  face  to  face  with 
him  for  many  hours  of  the  business  day  at  neighboring  desks.  It 
is  especially  of  that  last  year  that  I  would  speak,  when  I  say  that  it 
was  Mr.  Holloway's  high  standard  of  morality,  his  contempt  for 
anything  which  was  beneath  the  level  of  an  engineer  and  a  gentle- 
man, and  his  admiration  for  everything  which  was  the  reverse  of 
that  that  most  impressed  me.  I  bad  the  misfortune  to  lose  my  own 
father  in  1877.  My  father  was  a  clergyman  and  the  best  man  I 
ever  knew,  and  I  want  to  say  here  that  in  the  very  intimate  per- 
sonal relationship  of  that  last  year  of  the  two  that  Mr.  HoUoway 
and  I  knew  one  another  well,  Mr.  HoUoway  came  nearer  taking  the 
place  of  my  own  father  than  any  man  ever  has ;  and  his  influence, 
I  hope,  has  counted  for  something.  Mainly,  it  was  his  high  ideal 
of  everything  in  a  moral  and  social  way  that  impressed  me. 

Mr,  J.  D.  Cox, — I  think  I  am  probably  the  only  man  here  in 
the  Engineers'  Society  who  was  an  apprentice  under  Mr.  HoUo- 
ii^y.  I  worked  for  Mr.  HoUoway  away  back  in  1868,  at  the 
time  he  was  building  that  pump  which  the  gentleman  from  the 
Worthington  Company  tells  about,  and  I  think  it  would  astonish 
and  worry  every  one  of  you  here  if  you  had  to  buUd  that  pump 
w4th  the  tools  which  Mr.  HoUoway  had  in  that  shop.  There  was 
not  a  single  screw-cutting  lathe  in  the  shop  that  fed  with  a  screw. 
They  were  all  chain  lathes— chain  feed,  and  they  were  little  bits  of 
things  and  light.  I  think  one  of  Mr.  Holloway's  peculiar  charac- 
teristics was  his  ability  to  get  out  work  without  anything  to  do  it 
with.  I  remember  a  job  similar  to  the  one  Mr.  Lane  speaks 
about.     It  was  a  bed  plate  of  this  same  pump,  and  the  reason  he 
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didn't  put  it  on  the  planer  was,  in  the  first  place,  that  he  could 
not  get  it  on,  and  in  the  next  place  he  could  not  get  it  to  it — the 
shop  was  not  big  enough  ;  so  we  had  to  jack  it  down  on  the  floor 
with  jack-screws  and  run  a  big  travelling  arm  out  on  the  end  of 
the  planer,  with  a  cross-head  on  it,  and  in  this  way  bring  the 
planer  down  to  the  job,  and  plane  it  off  in  that  way  on  the  floor. 

Speaking  of  Mr.  HoUoway's  characteristics,  and  the  kindly  way 
which  he  had  in  the  shop — he  came  around  where  I  was  working 
one  day  with  a  little  bit  of  a  slotter  and  a  great  big  engine  crank,  a 
great  deal  too  big  for  the  slotter  and  pretty  near  too  big  a  job  for 
me.  I  could  not  make  the  thing  work  satisfactorily.  He  saw  I 
was  in  trouble,  and  he  put  his  hand  on  my  shoulder  and  said  : 
"Young  man,  your  machine  will  work  better  when  it  gets 
acquainted  with  you."  I  think  that  was  the  first  time  he  had 
ever  seen  me,  but  his  words  were  very  encouraging,  and  I  got 
along  better  after  that.  I  have  known  Mr.  HoUoway  ever  since, 
and,  like  many  other  of  the  young  men,  I  have  gone  to  him  many 
times  for  advice.  I  know  well  the  circumstances  which  led  Mr. 
Holloway  to  keep  his  old  shop  and  the  old  tools.  All  of  the 
owners  of  the  establishment  after  Mr.  Castle's  death  were  ladies 
who  were  dependent  upon  the  income  from  that  establishment, 
and  he  could  not  make  up  his  mind  to  spend  money,  which  they 
needed  to  live  on,  for  new  tools,  and  he  ran  that  shop  until  he 
could  sell  it ;  and  when  he  did  sell  it  he  sold  it  well. 

Dr,  H,  G.  Torrey. — I  would  speak  a  word  of  Mr.  Holloway  in 
connection  with  the  poetic  and  aesthetic  side  of  his  nature,  which 
was  so  strong,  which  led  him  to  do  so  much  for  others,  including 
the  ladies  of  our  Society,  and  commend  his  action  in  bringing  them 
into  the  sociable  the  year  before  last,  which  was  of  great  benefit 
to  them  and  to  us.  Thus  the  wives  and  sisters  of  our  members 
were  brought  in  closer  touch  with  their  professional  work. 
(Applause.) 

Mr.  John  T.  Hawkins, — I  did  not  expect  to  say  anything  on 
this  occasion,  for  the  very  good  reason  that  I  do  not  feel  compe- 
tent to  express  what  is  within  me  regarding  our  late  lamented 
friend  and  fellow  member.  As  a  member  of  the  old  school  of 
engineers  contemporary  with  him,  I  had  a  good  deal  of  natural 
sympathy  with  Mr.  Holloway  in  many  ways.  I  have  listened  to 
his  stories  of  his  early  experiences,  and  they  applied  themselves  to 
my  own  early  struggles  with  great  force.  We  have  had  many 
private  conversations  on  those  matters,  and   particularly  on  his 
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ability  to  produce  work  with  the  indifferent  facilities  peculiar  to 
the  early  days.  It  has  been  said  that  in  some  respects  Mr.  Hol- 
loway  might  not  be  considered  as  a  great  engineer ;  but,  sir,  in 
one  respect  I  think  he  was  a  very  great  engineer.  It  is  the  prov- 
ince of  the  engineer  to  remove  physical  difficulties  from  .the  path- 
way and  progress  of  the  race.  In  that  sense  Mr.  HoUoway  was 
no  insignificant  engineer.  But  it  appeared  to  be  his  peculiar 
province  and  his  constant  aim  and  study  to  remove  difficulties  and 
asperities  from  the  pathway  of  engineers  themselves,  and  as  such 
I  think  he  was  a  very  great  engineer.  I  think  his  work  in  this 
Society  transcendently  illustrates  this  most  admirable  feature  of 
his  make-up. 

It  had  not  been  my  privilege  to  know  Mr.  HoUoway  personally 
until  shortly  after  the  formation  of  this  Society.  I  have  since 
that  time,  however,  met  him  a  great  many  times  in  a  most  pleas- 
urable way,  and  I  desire  to  say  this  :  that,  so  far  as  the  Society  of 
Mechanical  Engineers  is  concerned,  his  ability  as  a  man  and  an 
engineer  among  engineers  has  done  as  much  for  the  success  and 
life  of  this  Society  as  any  other  member  in  whatever  direction  of 
activity  that  I  could  mention ;  and  all  because  of  the  beauty  of 
his  character  and  the  goodness  of  his  heart. 

Mr,  James  M,  Cremer, — I  would  like  to  add  a  word  to  what 
others  have  said  in  the  way  of  personal  recollections  of  Mr.  Hol- 
lo way,  with  whom  I  was  associated  in  business  during  the  later 
years  of  his  life. 

I  first  met  Mr.  HoUoway  some  ten  or  twelve  years  ago  at  a 
meeting  of  the  Engineers'  Club  in  Cleveland,  Ohio,  of  which  he 
then  was  President.  In  this  position  one  could  not  fail  to  note 
his  easy,  genial  manner  and  happy  mode  of  speaking,  so  full  of 
wit,  good  nature,  and  an  indescribable  personal  charm  which  won 
him  hosts  of  friends,  especially  among  the  younger  men,  many  of 
whom  will  recall  his  kindly  interest  in  their  welfare  and  his  help- 
fulness and  encouragement  in  the  difficulties  and  perplexities 
which  all  must  meet  and  overcome. 

Mr.  HoUoway  was,  also,  always  deeply  interested  in  the  affairs 
of  our  own  Society,  and  no  one  who  met  him  here  could  fail  to 
note  the  delight  he  took  in  all  our  proceedings,  and  how  much  of 
his  best  thought  was  given  to  insure  their  success. 

He  also  was  instrumental  in  adding  many  new  members,  and  I 
recall  that  on  one  occasion  in  1885  Mr.  HoUoway  visited  the 
works  in  Cleveland  where  I  was  located,  and  suggested  to  me  tho 
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idea  of  joining  the  Society.  He  said  membership  in  such  a 
Society  and  the  contact  with  other  minds  was  a  good  thing  for 
OS  all,  taking  us  for  a  while  out  of  our  daily  routine,  where,  if  left 
to  ourselves,  we  were  apt  to  wear  our  own  little  rut  so  deep  that 
at  last  we  would  not  see  over  the  side  of  it.  He  remarked,  casu- 
ally, on  this  occasion  that  they  had  made  him  President  of  the 
Society,  that  some  of  the  members  had  thought  it  well  to  select  a 
Western  man  for  the  office,  and  so  it  had  come  to  hiuL  The 
remark  was  characteristic  of  the  man,  for  we  all  know  his  ability 
and  eminent  fitness  for  the  office  of  President,  but  his  modesty  in 
this  matter  was  simply  the  way  he  regarded  himself  in  other  lines 
as  well. 

On  many  occasions  I  have  noticed  at  our  meetings  his  efforts 
to  promote  a  better  acquaintance  and  fellowship  among  the  mem- 
bers. He  seemed  never  to  think  of  himself  or  his  own  enjoy- 
ment, as  such,  but  would  go  about  in  his  quiet,  unobtrusive  way, 
picking  out  the  strangers  and  the  retiring  ones,  and  making  them 
feel  at  home. 

He  was,  also,  always  ready,  and  with  unfailing  tact,  to  take 
part  in  any  discussion,  especially  one  that  seemed  to  lag,  to  drift 
away  from  the  subject,  or  likely  to  wax  a  little  too  warm.  His 
quick  wit,  ready  sympathy,  and  wide  knowledge  made  him  in  a 
rare  degree  capable  of  bringing  to  every  emergency  the  influence 
of  a  '^word  fitly  spoken''  and  to  pour  oil  upon  the  troubled 
waters. 

Shortly  after  meeting  Mr.  HoUoway  in  Cleveland,  I  became 
connected  with  the  then  firm  of  Henry  B.  Worthington,  and  a 
few  months  later  was  greatly  pleased  one  day  to  find  that  Mr. 
Holloway  was  bidding  farewell  to  Cleveland  and  was  coming  to 
New  York  to  be  with  us. 

I  was  among  the  first  to  welcome  him  when  he  entered  upon 
his  duties  here,  and  was  closely  associated  with  him  for  about 
seven  years.  We  were  always  the  best  of  friends,  and  I  owe 
more  to  his  support,  appreciation,  and  influence  than  I  can  ever 
estimate  or  express.  It  was  a  rare  privilege  to  be  associated  with 
such  a  man,  and  I  have  felt  impelled  by  a  sense  of  the  debt  of 
gratitude  to  him  to  add  these  few  words,  regarding  matters  of 
our  ordinary,  e very-day  work,  to  what  has  already  been  said  by 
those  who  knew  Mr.  Holloway  in  other  days  and  in  other  lines. 

Mr.  Holloway  was  an  instance  of  the  rare  combination  in  one 
man  of  great  business  and  mechanical  development.     He  could, 
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on  oocasion,  assume  general  oharge  of  the  oflSce  or  of  the  works, 
and  discbarge  either  daty  with  equal  success.  He  was  one  of  the 
best  and  most  thorough  mechanics  I  ever  knew,  and  possessed  the 
greatest  amount  of  strong  common  sense  in  engineering  matters ; 
and  common  sense,  to  my  mind,  is  by  far  the  most  important  in- 
gredient in  an  engineer's  composition.  He  was  also  an  excellent 
business  man,  of  sound  judgment,  correct  principles,  and  strict 
integrity  of  the  old-fashioned  sort.  One  could  rely  implicitly 
upon  whatever  he  did  being  right  in  every  particular. 

Such  a  man  makes  an  ideal  manager.  His  associates  and  sub- 
ordinates respect  him  for  his  exact  knowledge  in  mechanical  and 
business  matters,  and  they  feel  that  his  decisions  will  always  be 
inteUigently  given,  and  with  justice  to  all  concerned. 

Of  his  engineering  abilities  I  had  the  highest  regard,  and  wish 
that  some  one  else  of  greater  knowledge  than  myself  might  ade- 
quately treat  this  part  of  the  subject. 

Speaking  only  of  my  own  experience,  however,  I  might  say 
that  during  all  the  years  Mr.  Holloway  and  myself  were  thrown 
together  I  had  occasion  in  connection  with  my  duties  to  consult 
with  him  regarding  the  selection  and  purchase  of  the  varied  sup- 
plies needed  for  our  large  works,  including  new  machinery, 
engines  and  boilers,  making  contracts  for  new  buildings,  exten- 
sions, improvements,  and  other  contract  work  of  various  kinds ; 
in  all  of  which  matters,  shop  experience,  engineering  skill,  and 
business  knowledge  were  needed  for  satisfactory  results.  My 
instructions  were,  in  all  these  things,  to  confer  with  Mr.  Hollo- 
way  as  much  as  possible,  and  I  always  found  his  advice  of  the 
greatest  service.  His  intellect  was  remarkably  clear.  He 
seemed  to  locate  so  easily  the  weak  points  and  defects  of  a  thing 
that  the  benefit  of  his  judgment  was  something  I  prized,  nor  was 
I  ever  disappointed  with  the  result  when  I  followed  it  carefully. 

But,  after  all,  it  was  the  lovely  personality  of  the  man,  his  beau- 
tiful character,  which  stands  out  prominently  before  all  else,  and 
the  thought  of  which  is  filling  our  minds  and  hearts  to-day. 
Although  he  only  rarely  spoke  of  such  things,  one  could  not  fail 
to  realize  that  what  he  did  and  was  had  its  source  and  inspiration 
in  a  power  higher  and  stronger  than  his  own.  I  remember  so 
well  the  kind  and  comforting  letter  he  wrote  me  a  few  years  ago, 
when  my  father  died  very  suddenly  and  trouble  had  come  upon 
me  in  other  ways.  Mr.  Holloway  said  in  conversation  afterwards, 
regarding  sudden  death,  that  one  should  be  always  ready  and 
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idea  of  joining  the  Society.  He  said  membership  in  such  a 
Society  and  the  contact  with  other  minds  was  a  good  thing  for 
OS  all,  taking  us  for  a  while  out  of  our  daily  routine,  where,  if  left 
to  ourselves,  we  were  apt  to  wear  our  own  little  rut  so  deep  that 
at  last  we  would  not  see  over  the  side  of  it.  He  remarked,  casu- 
ally, on  this  occasion  that  they  had  made  him  President  of  the 
Society,  that  some  of  the  members  had  thought  it  well  to  select  a 
Western  man  for  the  office,  and  so  it  had  come  to  hiuL  The 
remark  was  characteristic  of  the  man,  for  we  all  know  his  ability 
and  eminent  fitness  for  the  office  of  President,  but  his  modesty  in 
this  matter  was  simply  the  way  he  regarded  himself  in  other  lines 
as  well. 

On  many  occasions  I  have  noticed  at  our  meetings  his  efforts 
to  promote  a  better  acquaintance  and  fellowship  among  the  mem- 
bers. He  seemed  never  to  think  of  himself  or  his  own  enjoy- 
ment, as  such,  but  would  go  about  in  his  quiet,  unobtrusive  way, 
picking  out  the  strangers  and  the  retiring  ones,  and  making  them 
feel  at  home. 

He  was,  also,  always  ready,  and  with  unfailing  tact,  to  take 
part  in  any  discussion,  especially  one  that  seemed  to  lag,  to  drift 
away  from  the  subject,  or  likely  to  wax  a  little  too  warm.  His 
quick  wit,  ready  sympathy,  and  wide  knowledge  made  him  in  a 
rare  degree  capable  of  bringing  to  every  emergency  the  influence 
of  a  "word  fitly  spoken ^^  and  to  pour  oil  upon  the  troubled 
waters. 

Shortly  after  meeting  Mr.  HoUoway  in  Cleveland,  I  became 
connected  with  the  ^hen  firm  of  Henry  R.  Worthington,  and  a 
few  months  later  was  greatly  pleased  one  day  to  find  that  Mr. 
Holloway  was  bidding  farewell  to  Cleveland  and  was  coming  to 
New  York  to  be  with  us. 

I  was  among  the  first  to  welcome  him  when  he  entered  upon 
his  duties  here,  and  was  closely  associated  with  him  for  about 
seven  years.  We  were  always  the  best  of  friends,  and  I  owe 
more  to  his  support,  appreciation,  and  influence  than  I  can  ever 
estimate  or  express.  It  was  a  rare  privilege  to  be  associated  with 
such  a  man,  and  I  have  felt  impelled  by  a  sense  of  the  debt  of 
gratitude  to  him  to  add  these  few  words,  regarding  matters  of 
our  ordinary,  every-day  work,  to  what  has  already  been  said  by 
those  who  knew  Mr.  Holloway  in  other  days  and  in  other  lines. 

Mr.  Holloway  was  an  instance  of  the  rare  combination  in  one 
man  of  great  business  and  mechanical  development.     He  could. 
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on  occasion,  assume  general  charge  of  the  office  or  of  the  works, 
and  discharge  either  duty  with  equal  success.  He  was  one  of  the 
best  and  most  thorough  mechanics  I  ever  knew,  and  possessed  the 
greatest  amount  of  strong  common  sense  in  engineering  matters ; 
and  common  sense,  to  my  mind,  is  by  far  the  most  important  in- 
gredient in  an  engineer's  composition.  He  was  also  an  excellent 
business  man,  of  sound  judgment,  correct  principles,  and  strict 
integrity  of  the  old-fashioned  sort.  One  could  rely  implicitly 
upon  whatever  he  did  being  right  in  every  particular. 

Such  a  man  makes  an  ideal  manager.  His  associates  and  sub- 
ordinates respect  him  for  his  exact  knowledge  in  mechanical  and 
business  matters,  and  they  feel  that  his  decisions  will  always  be 
intelligently  given,  and  with  justice  to  all  concerned. 

Of  his  engineering  abilities  I  had  the  highest  regard,  and  wish 
that  some  one  else  of  greater  knowledge  than  myself  might  ade- 
quately treat  this  part  of  the  subject 

Speaking  only  of  my  own  experience,  however,  I  might  say 
that  during  all  the  years  Mr.  Holloway  and  myself  were  thrown 
together  I  had  occasion  in  connection  with  my  duties  to  consult 
with  him  regarding  the  selection  and  purchase  of  the  varied  sup- 
plies needed  for  our  large  works,  including  new  nuichinery, 
engines  and  boilers,  making  contracts  for  new  buildings,  exten- 
sions, improvements,  and  other  contract  work  of  various  kinds ; 
in  all  of  which  matters,  shop  experience,  engineering  skill,  and 
business  knowledge  were  needed  for  satisfactory  results.  My 
instructions  were,  in  all  these  things,  to  confer  with  Mr.  Hollo- 
way  as  much  as  possible,  and  I  always  found  his  advice  of  the 
greatest  service.  His  intellect  was  remarkably  clear.  He 
seemed  to  locate  so  easily  the  weak  points  and  defects  of  a  thing 
that  the  benefit  of  his  judgment  was  something  I  prized,  nor  was 
I  ever  disappointed  with  the  result  when  I  followed  it  carefully. 

But,  after  all,  it  was  the  lovely  personality  of  the  man,  his  beau- 
tiful character,  which  stands  out  prominently  before  all  else,  and 
the  thought  of  which  is  filling  our  minds  and  hearts  to-day. 
Although  he  only  rarely  spoke  of  such  things,  one  could  not  fail 
to  realize  that  what  he  did  and  was  had  its  source  and  inspiration 
in  a  power  higher  and  stronger  than  his  own.  I  remember  so 
well  the  kind  and  comforting  letter  he  wrote  me  a  few  years  ago, 
when  my  father  died  very  suddenly  and  trouble  had  come  upon 
me  in  other  ways.  Mr.  Holloway  said  in  conversation  afterwards, 
regarding  sudden  death,  that  one  should  be  always  ready  and 
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that  he  himself  wanted  to  die  with  the  harness  on.  So  he  lived, 
a  good  Christian  man,  always  ready,  always  busy  and  helpful  to 
others.  Little  wonder  is  it  that  we  loved  him  while  he  was  with 
us  and  mourned  so  deeply  when  the  end  came.  Though  his  man- 
tle may  not  fall  on  any  of  us,  yet  his  example  will  be  a  help  and 
inspiration  to  us  all,  and  we  may  hope  to  join  him  in  that  better 
land. 

Mr,  J.  D.  Cox. — If  I  maif — I  would  like  to  add  something 
which  illustrates  Mr.  Holloway's  kindly  nature. 

One  day  when  skylarking  around  the  pattern  loft  of  the  old 
shop,  I  discovered  a  queer-looking  machine  half-buried  under  old 
patterns  and  lumber.  My  curiosity  being  excited,  I  pulled  away 
enough  of  the  d6bris  so  that  I  could  examine  it.  It  looked  like  a 
narrow  planer  about  12  inches  wide  and  5-foot  bed,  with  chain 
feed,  but  no  cross-head.  I  returned  to  my  work,  and  the  old 
machine  was  entirely  forgotten,  till  several  years  afterward  when 
T  was  in  business  for  myself.  We  had  an  order  for  several  stay- 
bolt  taps  48  inches  long,  and  found  we  had  no  machine  long 
enough  on  which  to  cut  the  flutes.  While  studying  over  the 
problem,  the  old  machine  up  in  the  loft  of  the  Cuyahoga  shops 
came  into  my  head. 

I  made  a  bee-line  for  it,  and  was  satisfied  on  looking  at  it  again 
that  it  was  an  old-fashioned  chain-feed  slab  milling  machine — too 
light  for  key  seating — evidently  what  it  was  originally  intended 
for,  but  just  the  thing  for  my  job.  It  took  but  a  few  minutes  to 
find  Mr.  HoUoway,  and  on  explaining  to  him  the  situation  he 
said :  "  If  there  is  anything  up  in  that  loft  that  will  be  of  any 
use  to  you,  send  a  wagon  over  here  and  I'll  load  it  for  you." 

We  got  the  machine,  set  it  up  in  our  shop,  and  have  used  it 
continually  ever  since,  and  couldn't  get  along  without  it  now. 
I  asked  Mr.  Hollo  way  many  times  to  set  a  price  on  it,  but  his 
answer  was :  "  The  old  machine  was  of  no  use  to  us,  and  I'm  glad 
you  have  found  a  place  for  it."  I  know  he  meant  what  he  said — 
he  was  glad  to  help  us  out  of  a  hole — and  glad  the  old  machine 
had  found  a  job  suited  to  its  capacity. 

Most  men  would  have  taken  an  opposite  view  of  the  matter,  and 
have  taken  advantage  of  our  confused  dilemma  to  extort  a  good 
price  from  us  for  the  machine  which  had  for  years  been  consigned 
to  the  scrap  pile. 

One  word  more  I  would  like  to  say.  I  wish  that  some  one  here 
could  give  me  the  date  of  the  earliest  twin-screw  steamer  which 
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they  know  anything  about.  I  am  very  strongly  of  the  impres- 
sion that  to  Mr.  Holloway  is  due  as  much  as  to  any  other  one  man 
the  introduction  of  the  twin-screw  system,  because  I  personally 
worked  upon  the  first  twin-screw  engine  on  the  lakes — the  old 
Amazon  ;  and  I  know  years  after,  when  Atlantic  liners  commenced 
to  put  on  twin  screws,  I  thought  that  Mr.  Holloway  was  away 
ahead  of  the  rest  of  the  engineers  at  that  time.  That  was  back 
in  1868  or  1870. 

Mr,  Sweet — The  twin  screw  dates  back  of  that.  It  was  on  a 
steamer  built  here  on  the  Jersey  side  by  the  Stevens  family.  It 
was  a  twin-screw  steamer  as  I  have  been  told.  I  think  Professor 
Thurston  made  that  statement.  Possibly  it  was  not  the  steamer 
which  was  built  for  a  war  vessel,  but  I  think  it  has  been  shown 
that  Mr.  Stevens  built  the  first  twin-screw  steamer. 

Mr.  Mumford, — I  believe  that  is  correct,  Professor.  I  remem- 
ber the  model  in  the  laboratory  of  the  Stevens  Institute  of  the 
twin  screws.    I  am  sure  of  that. 

Mr.  Jarvis  B.  Edson. — This  is  not  the  hall  of  rhetoric  or  mellif- 
luous expression,  as  has  been  strongly  evidenced  by  the  fact  that 
what  has  been  said  here  to-day  has  come  directly  from  the  inmost 
recesses  of  the  heart.  It  has  been  simply  the  outspoken  gratitude 
of  those  who  have  been  befriended  by  the  gentleman  in  whose 
memory  we  are  here  assembled.  I  can  add  nothing  to  what  has 
been  said,  excepting  what  would  be  of  a  cumulative  character. 
But  I  would  like  to  state  one  little  reminiscence  which  occurred 
in  1868  or  1869 — one  of  those  little  indications  which  showed  the 
coming  man.  It  showed  the  coming  man  to  me,  and  I  have  so 
stated  a  great  many  times.  When  he  came  to  New  York  I 
recited  it  to  many  of  my  friends  in  order  that  his  welcome  might 
be  all  the  warmer,  and  that  I  was  warranted  in  so  doing  has 
been  proven  by  the  success  of  his  career  here  and  by  the  testimony 
we  have  heard  this  afternoon.  Eetuming  from  sea  in  1888  or 
1869, 1  thought  it  would  be  interesting  to  make  a  little  tour  West, 
for  the  purpose  of  seeing  what  engineers  were  doing,  if  they 
would  allow  me.  My  first  stop  was  at  Troy,  at  the  Renssdaer 
Iron  Works.  Knocking  at  the  door,  with  nothing  to  contribute 
and  no  claim  upon  their  attention,  I  asked  if  I  might  see  the 
process  of  manufacturing  Bessemer  steel.  After  remaining  seated 
a  few  moments  a  messenger  came  and  took  me  to  the  end  of  the 
works,  where  I  was  introduced  to  Mr.  Holley.  My  case  was 
stated  plainly  to  him — I  was  simply  a  trespasser  upon  his  time 
41 
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and  his  hospitality.  But  for  two  or  three  hours  it  was  impossible 
for  me  to  get  away  from  him.  I  was  shown  the  same  attention 
which  probably  I  would  have  been  shotrn  had  I  been  the  president 
of  a  railroad  or  the  president  of  some  scientific  society.  I  found 
out  enough  to  appreciate  what  he  was  doing.  I  was  shown  into 
the  innermost  parts  of  the  interesting  process  as  it  was  carried  on 
in  those  days.  I  was  not  alone  shown  the  successes,  but  I  was  let 
into  the  secret  of  failures,  of  mistakes,  and  the  hard  road  over 
which  he  had  travelled,  and  it  was  with  great  difficulty  that  I  left 
him  rather  than  increase  the  debt  of  gratitude  which  I  owed  him. 
My  next  stopping  place  was  in  the  neighborhood  where  the 
present  Chairman  resides,  and  I  was  there  shown  attention  which 
I  never  have  forgotten.  My  next  stopping  place  was  in  Cleve- 
land, and  knocking  at  the  door  of  the  Cuyahoga  Works — it  was 
snudl  then — I  was  finally  introduced  to  Mr.  Holloway.  I  think 
he  was  then  manager.  I  was  most  cordially  received  and  shown 
what  he  had  to  show  and  finally  landed  in  the  drawing  room — 
that  inner  sanctum  sanctorum  where  men  seldom  take  strangers. 
They  were  then  building  the  Amazon^  which  has  just  been  spoken 
of.  She  was  a  sort  of  double-keel  craft,  and  he  was  very  glad  to 
get  some  information,  as  it  afterwards  turned  out,  about  double 
keels,  because  we  had  one  boat  of  that  description — the  Pcmneej 
I  think — in  the  service.  The  Am<iz(yn  was  being  built  for  the  lakes, 
and  there  were  some  problems  about  valve  gear  regarding  which 
he  was  very  glad  to  make  use  of  what  information  he  could  get 
from  me.  But  for  all  the  time  which  he  expended  on  me  he 
had  nothing  whatever  to  gain,  and  it  was  only  for  an  instant 
that  I  was  perhaps  able  to  contribute  anything  for  his  benefit  or 
to  his  knowledge.  I  allude  to  it  because  it  showed  the  character 
of  the  man  in  dealing  with  a  perfect  stranger,  in  dealing  with  a 
person  who  possibly  would  not  be  able  to  comprehend  what  he 
was  saying.  And  he  certainly  had  big  problems  on  hand, 
particularly  when  we  consider  that  he  was  without  tools  and 
facilities,  as  we  understand  this  afternoon.  And  my  prophecy  at 
that  time,  which  I  am  glad  now  to  be  able  to  say  has  been 
certainly  fulfilled,  was  that  he  was  one  of  the  coming  men. 

The  Athenian  philosopher  Plato  lets  us  into  the  closing  scene 
of  Aristotle's  life  when  he,  at  the  last,  summoned  those  about  him 
and  in  language  of  unfathomable  pathos  said  :  ^^  When  I  leave  this 
body,  do  not  say  that  I  am  dead.  Say  that  I  live,  I  am  not 
dead."    When  the  military  telegraph  flashed  to  those  of  us  who 
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were  in  the  front  in  1865  that  Lincoln  was  assassinated — that 
Lincoln  was  dead,  we  said,  No,  Lincoln  will  live  forever.  What 
was  it  in  Lincoln's  career  that  lives  forever,  if  not  the  qualities 
which,  this  afternoon,  have  been  paramount  in  everything  that 
has  been  said  ?  It  is  not  engineering  which  has  given  Mr.  HoUoway 
his  standing  in  the  hearts  of  this  Society  and  in  the  heart  of  every 
man  who  ever  met  him.  They  were  higher  qualities — qualities 
which  we  can  do  well  to  emulate.  Lincoln  never  could  die.  Neither 
can  HoUoway's  memory  ever  die. 

Mr.  Allan  Stirling. — I  will  not  trespass  on  your  time  but  for  a 
moment.  The  word  Christian  has  been  used  more  than  once  in 
reference  to  Mr.  Holloway.  I  have  not  seen  Mr.  Holloway  for 
nearly  four  years.  I  have  been  away.  Shall  I  never  see  him 
again  ?  Perish  the  thought.  Mr.  Holloway  was  a  Christian  man, 
and  through  the  mediation  of  Him  to  whom  he  looked  for  an 
example,  I  hope  to  meet  my  dear  friend  in  the  better  land. 

The  Chairman. — ^In  adjourning  this  meeting,  I  wish  to  say 
that  we  only  pay  a  just  tribute  to  one  of  the  sweetest  lives  that 
we  ever  knew. 
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The  XXXVth  meeting  of  the  American  Society  of  Mechanical 
Engineers  took  place  in  the  city  of  Hartford,  Conn.,  beginning 
on  Tuesday,  May  25,  1897.  The  meeting  was  a  notable  one  in 
one  sense,  in  that  it  was  the  first  which  was  held  after  the  adop- 
tion by  the  Council  of  a  policy  definitely  discouraging  the  practice 
of  waiting  for  an  invitation  from  any  city  before  deciding  to  hold  a 
convention  there.  It  was  felt  by  the  Council  that  it  was  neither 
right  nor  wise  for  the  members  resident  in  any  city  to  have 
forced  upon  them  anything  in  the  way  of  obligation  for  the 
entertainment  of  the  members  of  the  Society  at  costly  outlay 
such  as  must  necessarily  be  felt  when  the  local  membership  had 
taken  upon  themselves  whatever  might  be  involved  in  issuing 
a  formal  invitation  to  the  Society.  This  latter  had  been  the 
custom  which  had  prevailed  generally  for  the  meetings  which 
had  been  held  hitherto,  but  it  had  been  increasingly  obvious 
that  the  growth  and  the  size  of  the  meetings,  consequent  upon 
the  growth  of  the  Society,  and  the  natural  desire  that  each 
meeting  should  surpass  the  previous  ones  in  the  memory  of  those 
who  were  present  were  making  the  former  custom  dangerous  and 
even  impossible.  This  had  induced  the  Council  to  decide  that 
from  that  date  the  Council  would  itself  decide  at  what  city  and 
in  what  district  it  was  desirable  that  a  meeting  should  be  held, 
and  notify  the  members  resident  in  that  city  of  such  decision 
if  it  was  agreeable  to  them.  By  this  procedure  it  is  believed 
that  all  financial  obligation  and  responsibility  are  removed  from 
the  local  membership,  except  in  so  far  as  local  or  civic  pride 
may  prompt  spontaneous  and  self-originating  courtesies. 

The  city  of  Hartford  was  selected  by  the  Council  by  reason 
of  its  being  a  city  in  the  centre  of  manufacturing  interests  of 
New  England  and  by  reason  of  the  special  attractions  which 
the  city  itself  offered.  The  opening  session  was  convened  in 
the  evening  of  Tuesday,  May  25th,  in  Unity  Hall  on  Pratt 
Street,  between  Trumbull  and  Main,  which  had  been  rented 
for  the  sessions  of  the  Society,  and  was  opened  by  ft  few  words 
from  Mr.  C.  E.  Billings,  Chairman  of  the  Committee  of  Local 
Members.  Mr.  Billings  concluded  by  introducing  the  Mayor  of 
Hartford,  the  Hon.  Miles  B.  Preston,  who  addressed  the  meeting 
in  a  few  fitting  words,  to  which  Mr.  Worcester  E.  Warner,  the 
President  of  the  Society,  made  happy  response.  After  announce- 
ments concerning  the  conduct  of  the  meeting  a  recess  was  taken, 
and  an  enjoyable  reunion  and  conversazione  was  held  in  a  lower 
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hall  in  the  same  building.  The  hotel  headquarters  were  opened 
in  Boom  10  of  the  Alljn  House,  and  it  was  at  once  apparent 
that  the  meeting  was  to  be  a  largely  attended  one. 


Second  Session.    Wednesday  Morning,  May  2(>th. 

The  first  regular  session  of  the  meeting  was  opened  by  Presi- 
dent W.  R.  Warner  in  the  chair,  in  Unity  Hall,  at  ten  o'clock  for 
the  usual  routine  business  of  the  convention.  The  Secretary's 
register  showed  the  following  named  persons  in  attendance, 
together  with  a  large  number  of  guests  connected  with  the 
manufacturing  interests  of  the  city,  who  had  been  invited  by  the 
resident  membership.  The  usual  large  number  of  ladies  was 
also  in  attendance,  numbering  upwards  of  seventy  in  alL 


Alden,  G.  I. 
Aldrich,  W.  S. 
Allen,  Francis  B. 
Allen,  Jeremiah  M. 
Allison,  Robt. 
Almond,  Thoe.  R. 
Ames,  Wm.  M. 
Anthony,  Gardner  C. 
Anchincloss,  W.  S. 
Bagg,  Sam'l  S. 
Bailey,  Chas.  L. 
Bardwell,  A.  F. 
Barnes,  Abel  T. 
Barnam,  G.  S. 
Barr,  John  H. 
Bates.  Ed.  P. 
Beach,  Giles. 
Beach.  C.  S. 
Bigelow,  Frank  h. 
Billings,  C.  E. 
Billings,  Fredk.  0. 
Binsse,  Henry. 
Bird,  W.  W. 
Blackbnm,  Arthur  H. 
Blood.  John  B. 
Bond,  Geo.  M. 
Bowen,  E.  S. 
Boyer,  F.  H. 
Bristol,  W.  H. 
Brown,  Alex.  T. 
Brown.  R.  8. 
Buchanan,  A.  W. 
Bulkley,  Henry  W. 


Bullock,  M.  C. 
Burgess,  C.  M. 
Bur«rdo£f,  Theo.  F. 
Butcher.  J.  J. . 
Caldwell.  A.  J. 
Carney,  Chas.  J. 
Gary,  A.  A. 
Gassier,  Louis. 
( haiie,  H.  S. 
Chase,  W.  L. 
Cheney,  W.  L. 
Christensem,  A.  C. 
Church,  E.  D. 
Cojcswell.  W.  B. 
Colvin,  F.  H. 
Cook,  A.  S. 
Cullingworth,  G.  R. 
Davis,  Isaac  H. 
Deane.  G.  P. 
DeLnncey,  Darragh. 
Detrick,  J.  S. 
Dinkel,  Geo. 
Ehbets,  G.  H. 
Evans.  H.  O. 
Faber  Du  Faur,  A. 
Flagg,  Stanley  G. 
Flinn,  T.  F. 
Foster,  E.  H. 
Francis,  H.  C. 
Freeman,  John  R. 
Frith,  A.  J. 
Fritz.  John. 
Gal  loupe.  F.  E. 


Gantt,  H.  L. 
Gorton,  John  G. 
Gray,  Thos. 
Green,  S.  M. 
Griffin,  C.  L. 
Grimm.  Paul  H. 
Grover,  L.  G. 
Gulowsen,  G.  A. 
Haines,  H.  S. 
Hall,  John  H. 
Halsey,  F.  A. 
Hartness,  Jas. 
Heggem,  Chas.  O. 
Henney,  J.  B. 
Henney,  John. 
Henning,  Gus  G. 
Hibbard.  Henry  D. 
Hill,  Wm. 
Holmes,  W.  G. 
Howard,  Chas.  P. 
Howe,  Henry  M. 
Humphrey,  John. 
Hunt.  C.  W. 
Hunter,  J.  S. 
Hutton,  Fredk  R.,  Sfc*jf. 
Isbell,  H.  L. 
Jacobus,  D.  S. 
Jarvis.  Chas.  M. 
Jenkins,  M.  C. 
Jennings,  E.  L. 
Jones,  H.  K. 
Keupsmith,  Frank. 
Kent,  Wm. 


650 


PROCEKDINGS   OF  THE 


King,  Chas.  C. 
Kingsbury,  Albert. 
Laforge,  F.  H. 
Lambert,  W.  C. 
Lane,  A.  M. 
Lewis,  J.  P. 
Lewis,  D.  J. 
Libby,  Sam.  H. 
Lieb,  John  W. 
I^gan,  John  D. 
Loomis,  F.  J. 
Loring,  Chas.  H. 
Low,  Fred  R. 
Lowe,  W.  V. 
Lyall.  Wm.  L. 
McBride,  Jas. 
Manning,  C.  H. 
Manning,  H.  G. 
Mason,  Wm.  B. 
Matlieson,  W.  G. 
Meatz,  John  T. 
Mead,  F.  S. 
Melvin,  D.  N. 
Mesta,  Geo. 
Meyer,  H.  C,  Jr. 
Miller,  H.  B. 
Morris,  H.  G. 
Mossberg,  Frank. 
Moultbrop,  Leslie. 
Muller,  M.  A. 
Murphy,  E.  J. 
Newcomb,  Chas.  L. 
Newton.  C.  E. 
Park,  W.  R, 
Parker,  L.  H. 
Parkhurst,  E.  G. 
Parks,  E.  H. 


Parsons,  Fred  W. 
Paacall,  R.  H. 
Paul.  John  W. 
Payne,  S.  F. 
Peard,  J.  J. 
Perkins,  T.  C. 
Philip,  C.  von. 
Prait,  Chas.  R. 
Pratt,  Francis  A. 
Pratt,  F.  C. 
Quint,  A.  D. 
Rand,  A.  C, 
Rankin,  Tlios.  L. 
Reist,  H.  G. 
Rice,  A.  C. 
Richards,  C.  B. 
Richfirds,  Francis  H. 
Richmond,  Geo. 
Richmond,  K.  C. 
RiddeU,  John. 
Robinson,  A.  W. 
Rock  wood,  Geo,  L 
Ross,  E.  L. 
Rowland,  A.  E. 
Sabin,  A.  H. 
Schaeffer,  Louis. 
Schaum,  Otto  W. 
Scheffler,  F.  A. 
Schumann,  Francis. 
Schutte,  Lewis. 
Scott,  Geo.  H. 
Serrell,  J.  A. 
Shelmire,  W.  H. 
Sinclair,  Geo.  N. 
Smith,  A.  W. 
Smith,  Geo.  H. 
Smith,  H.  W. 


Smith,  Jesse  M. 
Smith,  Oberlin. 
Snow,  S.  M. 
Souther,  Henry. 
Sparrow,  E.  P. 
Spauldinff.  H.  C. 
StetBon,  Geo.  R. 
Siiles,  Norman  C. 
Stone,  W.  M. 
Stratton,  W.  H. 
Suplee,  H.  M. 
Svenson,  J.  A.  F. 
Thomas.  E.  G. 
Thompson,  E.  B. 
Torrance,  Kenneth. 
Turner,  John. 
Upson,  Lyman  A. 
Varuey.  W.  W. 
Waldo,  Leonard. 
Walworth,  A.  C. 
Warner,  Worcester  R,, 

Pres, 
Warren,  B.  H. 
Washburn.  W.  S. 
Webb,  J.  B. 
Wellman,  C.  H. 
Weliman,  S.  T. 
Whaley,  W.  B.  Smith- 
Whitehead,  Geo  E. 
Whitney,  Baxter  D. 
Whittier,  Chas. 
Wood,  W.  H. 
Woodliury,  C.  J.  H. 
Woodward,  Dan  C. 
Woolson,  O.  C. 


Pursuant  to  the  usual  policy  of  reducing  the  routine  business 
of  the  spring  meeting  to  its  lowest  terms,  the  only  items  of 
business  presented  at  this  session  were  the  report  of  the  Coun- 
cil upon  the  votes  cast  Jby  the  members  for  and  against  the 
candidates  seeking  election.  The  report  of  the  tellers  was  as 
follows : 

REPORT  OF  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  Committee  of  the  Council 
to  act  as  tellers  (under  Rule  13\  to  scrutinize  and  count  the  bal- 
lots cast  for  and  against  the  candidates  proposed  for  member- 
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ship  in  the  American  Society  of  Mechanical  Engineers,  and  seek- 
ing election  before  the  XXXV th  meeting,  Hartford,  Conn.,  1897. 

They  have  met  upon  the  designated  day,  in  the  office  of  the 
Society,  and  have  proceeded  to  discharge  their  duty.  They 
would  certify,  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  persons  whose  names  appear  on 
the  appended  list  to  their  respective  grades. 

There  were  467  votes  cast  on  the  blue  ballot,  of  which  29 
were  thrown  out  because  of  informalities  (the  members  voting 
having  neglected  to  indorse  the  sealed  envelope). 

John  C.  Kafer, 
Gus  C.  Henning, 


.J 


Tdlers  of  Election, 


AbreDs,  Geo.  Fred. 
Bartlett,  Henry. 
Blanchard.  GUbert  W. 
Burgess,  Chas.  Monroe. 
Craig,  Jas..  Jr. 
Doming,  Wm.  Henry. 
Evans,  Wm.  F. 
Gleason,  William. 
Galowsen.  Gulow  A. 
Hill,  Walter. 

Damon,  Geo.  B. 
Holmes,  Walter  G. 
Jennings,  Ed.  L. 
Kearney,  Alex. 


MEMBERS. 
Hutchinson,  Jos.  A. 
Johnston,  J.  Frank. 
McKechnie,  Robt.  R. 
Mayer.  Fredk.  J. 
Morrin,  Thos. 
Morris,  Wm.  S. 
Oldham,  Jos.  R. 
Pope,  Chas.  Edward. 
Schaumleftel,  P.  W. 
Scbueble,  R.  G. 

ASSOCIATES. 
Lowry,  Geo.  A. 
Lunkenbeimer,  Carl  F. 
Pilton,  William. 
Powell,  Marcus. 


Searing,  Lewis. 
Smith,  Harry  E. 
Stoddard,  Geo.  H. 
Tibbals,  Geo.  A. 
Turner,  Frank  H. 
Ward,  Francis  G. 
Wilkinson.  John  L. 
Wolcott,  Henry  A. 


Rapson,  Trevor. 
Riker,  Andrew  L. 
Schuyler,  Sage  W. 
Wilson,  Chester  P. 


promotion  to  full  MEMBERSHIP. 
Bums,  A.  L.  Pratt,  Francis  C.  Veeder,  Curtis  H. 

Dinkel,  Geo.  Scott,  Seaton  M. 

Hurd,  Hobart  J.  Simpson,  Geo.  K. 

promotion  to  ASSOCIATE  MEMBERSHIP. 
Hale,  Robt.  Sever. 


Brandon,  Geo.  R. 
Brown,  Louis  Livingston. 
Burgan,  A.  L. 
Cole,  Edward  S. 
Curtis,  Greely  8.,  Jr. 
Dalman,  Jobn  W.,  Jr. 
Awards,  J.  Irving. 
Faig,  Jobn  T. 
Folson,  Edson  F. 
Herron,  Jas.  H. 


JUNIOR  MEMBERS. 
Hewlett,  Edward  M. 
Hibbert,  Walter  W. 
Hobert,  S.  G. 
Hodges,  Chas.  Bowen. 
Jacobs,  Ward  8. 
Libby,  Sam  H. 
McArthur,  Geo.  P. 
McCaffery.  Kichard  S. 
Mora,  Rafael  de  la. 
Patterson,  A.  W.,  Jr. 


Patterson,  Peter  C. 
Prescott,  Jas.  A. 
Robertson,  C.  H. 
Rush  more,  David  B. 
Wall,  Geo.  Floyd. 
Watson.  Henry  D. 
Williams,  Edmund, 
Wood,  Benj.  F. 
Wvckoff,  Arcalous  W. 


652  PfiOCEEDINGS  OF  THE 

Other  geujeral  business  be^lg  then  in  order,  Mr.  Otxia  C.  Hen- 
ning  presented,  by  request  of  the  Council,  the  question  of  the 
advisability  of  seeking  to  cooperate  with  other  organizations 
in  securing  a  series  of  standards  for  the  specification  of  mate- 
rials which  had  themselves  become  standard,  or  concerning 
which  engineers  were  substantially  agreed.  Mr.  Henning  spoke 
as  follows : 

"  At  the  Zurich  Conference  on  Unification  of  Testing  Mate- 
rials in  1895,  a  paper  on  *  The  Desirability  of  Establishing  Uni- 
form Specifications  and  Methods  of  Inspection  of  Metals  '  was 
presented  by  Mr.  E.  Schroedter  (Secretary  of  the  Verein  der 
Ingenieuren  and  Eisenhuettenleute),  and  the  concluding  recom- 
mendations were  upon  motion  referred  to  the  Council  for  con- 
sideration and  action. 

"  In  accordance  therewith  the  Council,  at  a  meeting  held  in 
Vienna  last  year,  decided  to  take  up  the  matter,  and  appointed 
a  Committee  to  take  action  on  the  subject. 

"  In  February,  1897, 1  received  a  letter  *  from  the  well-known 
and  famous  engineer  of  Le  Creusot,  Mr.  J.  Barba,  advising  me 
that  he,  as  Vice-President  of  such  Committee,  asked  me  to  name 
members  of  a  Sub-Co tnmittee  to  be  formed  in  the  United  States 
to  take  up  the  subject  conjointly  with  the  European  Committees, 
and  requested  that  I  act  on  said  Committee.  When  I  referred 
the  matter  to  our  Ex-President,  Capt.  K.  W.  Hunt,  he  sent  the 
following  answer,^  in  view  of  which  I  herewith  present  the 
matter  for  discussion  at  this  time. 

^*  The  object  is  to  suggest  standard  specifications  for  quality 
and  for  inspection  of  all  metals  used  in  engineering,  and  in  such 
a  manner  that  any  new  developments  in  metallurgy  or  fabrica- 
tion will  not  be  hindered,  and  on  the  other  hand  to  define  mate- 
rials in  such  a  purecise  manner  that  proper  materials  may  be  ob- 
tained for  each  distinct  purpose ;  such  as  boilers,  engines,  bridges, 
wire  (telegraph,  trolley,  telephone,  piano,  cables,  ropes,  suspen- 
sion bridges,  various^  railways,  axles,  tires,  guns,  bicycles,  etc., 
etc." 

The  correspondence  referred  to  above  is  appended  : 

Chicago,  April  17,  1807, 
Gus  C.  Hmnifig,  Esq.,  JVo.  5  Beekman  Sireei,  Sew  York. 

Mt  Dear  Sir  :  I  beg  to  acknowledge  yours  of  the  Sth  inst.,  and  thank  you 
for  the  compliment  therein  expre8S*»d. 

^  See  letter  appended  hereto. 
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I  folly  appreciate  the  importance  of  the  work  outlined,  and  its  we^ht  makee 
it  imperative  that  the  subject  should  not  l>e  treated  other  than  in  a  serious 
manner. 

Personally,  ray  many  engagements  in  all  sorts  of  directions  render  it  unfit 
that  I  should  try  to  serve  on  the  proposed  committee.  While  we  have  many 
American  engineers  who  could  render  good  seryic«^  in  the  canse,  it  is  hard  to 
find  those  who  are  willing  or  can  devote  the  necessary  time  to  it.  Hence  it 
would  seem  as  though  it  would  be  better  if  they  could  be  selected  from  men 
who.  while  poesessing  knowledge  gained  from  practical  experience,  are  not  dis- 
turbed by  or  dependent  upon  current  business  engagements.  Of  course  we 
realize  that  there  will  come  objections  to  "  Professors,"  but  at  the  same  time  I 
am  not  certain  that  they  are  not  the  class  of  people  who  can  best  serve  in  a  cause 
of  this  kind,  particularly  If  they  have  been  in  touch  with  manufacturing 
progress  and  interests. 

Assuring  you  that  it  will  give  me  pleasure  to  assist  you  in  this  matter,  and  if 
it  hhould  not  be  too  late,  that  we  will  have  an  opportunity  of  discussing  it  at  the 
<soming  Hartford  meeting  of  the  A.  S.  M.  E., 

I  remain,  yours  truly, 

Robert  W.  Hunt. 

(Translaaon  of  Mr.  J.  Barbn'is  lotter.) 

Paris,  February  5,  1897. 

Mt  Dear  Sir  :  You  know  that  we  are  about  to  organize  an  International 
•Commission,  under  the  presidency  of  M.  Ant,  Managing  Director  of  the  Northern 
Railroad,  Ferdinand,  Vienna.  Austria,  to  study  the  steps  to  be  taken  to  establish 
international  uniform  rules  fordetertniniDg  the  quality  and  inspection  of  all  kinds 
of  iron  and  steel. 

1  have  been  honored  by  the  nomiuation  of  Vice-President,  and  1  have  been 
asked  with  Mr.  Ast  to  propose  to  the  directing  committee  three  or  four  persons 
from  each  of  tlie  principal  nations,  these  persons  to  constitute  said  commission. 
I  liave  already  named  the  persons  for  France.  I  thouglit  tliat  you  would  kindly 
choose  several  able,  willing  persons  in  the  Uikited  States  who  would  assist  us  at 
the  same  time  with  yourself. 

If  you  will  kindly  acc**pt  my  proposition,  I  would  be  under  obligations  to  you 
to  name  the  three  or  four  persons  on  whom  we  could  count. 

Receive,  my  dear  sir,  the  assurance  of  my  best  sentiments. 

(Signed)  J.  Barba,  89  Rue  Mozart. 

After  reading  the  report  and  the  letters  appended  to  it,  Mr. 
Henning  spoke  further  as  follows  : 

Mr.  Gus  0,  Helming. — These  specifications  should,  of  course, 
be  elastic  to  a  certain  extent,  both  because  there  is  constant 
progress  in  the  manufacture  of  materials,  and  because  if  of  a 
stereotyped  form  they  would  soon  become  antiquated  and  then 
interfere  with  the  progress  of  improvement  in  materials  or  the 
development  of  new  classes  of  materials  ;  for  if  only  old  classes 
should  be  called  for,  the  new  classes  introduced  would  come 
into  general  use  only  with  great  difficulty.      The  object  is  to 
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define  classes  of  material  which  are  to  answer  certain  purposes. 
If  boiler  material  is  called  for,  every  manufacturer  would  under- 
stand that,  under  the  standard  specification,  a  certain  kind  of 
material  is  required.  A  certain  other  kind  of  material  will  be 
fit  for  other  purposes,  and  so  on.  It  will  thereby  lessen  the 
kinds  of  material  which  have  to  be  produced,  and  the  mills  will 
have  less  trouble  in  filling  specifications  ;  because  if  the  material 
does  not  fill  one  it  will  fill  another,  unless  the  material  is  of  such 
a  quality  that  it  fills  none,  and  is  only  fit  for  remelting.  They 
would  lessen  the  work  of  the  manufacturer  by  simplifying  the 
varieties  and  kinds,  without  introducing  difficulties  and  the  pos- 
sibility of  discussion  as  to  what  is  and  what  is  not  proper  mate- 
rial to  be  used  ;  and  as  the  specifications  are  also  to  provide 
for  methods  of  inspection,  they  will  avoid  a  great  deal  of  discus- 
sion which  is  now  going  on  under  almost  every  contract,  because 
it  will  be  so  well  known  what  the  inspector's  duties,  rights,  and 
privileges  are,  and  what  will  be  sufficient  to  fill  the  specifications, 
both  in  regard  to  material  and  the  methods  by  which  those 
qualities  shall  be  determined.  In  view  of  this,  the  Council 
expressed  the  opinion  that  they  concurred  in  Capt.  K.  W. 
Hunt's  suggestion  that  the  matter  be  laid  before  the  Society  in 
order  that  official  action  be  taken  if  the  Society  thinks  it  advis- 
able so  to  do.  I  trust  I  have  fully  explained  the  subject,  but  if 
any  further  information  is  required,  I  will,  of  course,  gladly 
give  it 

The  PresidenL — This  question  is  of  such  importance  that  I 
hope  the  members  present  will  be  free  to  ask  questions.  I 
know  many  interesting  ones  were  brought  forth  at  the  Council 
meeting,  and  I  am  sure  that  Mr.  Henning  can  give  any  informa- 
tion which  you. may  desire.  Will  anyone  please  raise  any 
point,  which  Mr.  Henning  will  gladly  respond  to.  If  there  are 
no  definite  questions  to  be  asked  regarding  details,  it  would 
seem  to  me  appropriate  that  a  motion  be  made  referring  it  to 
the  Council  with  power  to  act.  If  that  is  your  pleasure,  I  will 
entertain  such  a  motion. 

A  motion  to  refer  was  made  and  seconded. 

Mr,  Wm.  Kenf.—M.T.  President,  I  think  it  might  be  advisable 
to  have  the  whole  matter  printed  and  placed  before  the  members 
so  that  they  may  have  ample  time  to  study  it,  and  to  have  it 
then  referred  to  the  Council.  By  this  procedure  we  would  have 
ample  time  to  consider  the  details  of  the  matter  before  any 
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aotion  is  taken,  and  at  the  meeting  next  fall  we  majr  then 
authorize  the  Council  to  act,  with  power  to  establish  the  Com- 
mittee. I  think  it  is  premature  to  try  to  put  the  thing  through 
now. 

Mr.  Henning. — I  think  the  suggestions  made  are  eminently 
proper.  There  is  no  occasion  to  hurry  the  matter  through.  It 
was  presented,  as  just  stated,  for  full  discussion.  No  report  can 
be  made  by  the  date  of  the  meeting  of  the  next  convention  in 
Stockholm,  August  23-25 ;  and  if  the  matter  be  presented  more 
fully  to  the  Society  as  a  whole  it  certainly  will  bring  forth  a 
great  many  opinions  which  it  is  desirable  to  have.  It  is  very 
plain  that  there  are  a  great  many  objections  to  writing  standard 
specifications,  because  many  have  the  idea  that  the  usefulness 
of  all  such  work  is  limited,  as  it  is  apt  to  make  everything  stereo- 
typed ;  and  nothing  better  can  be  done  than  to  have  the  matter 
brought  fully  before  the  general  membership  and  most  com- 
pletely discussed.  If  it  is  then  submitted  to  the  Council  there 
will  be  ample  time  to  have  action  taken  at  the  annual  meeting. 

The  President — That  seems  to  be  an  excellent  suggestion,  so  I 
am  prepared  to  hear  a  motion  to  that  effect,  that  it  be  printed 
and  circulated  among  our  membership  and  brought  up  at  the 
December  meeting,  there  to  be  acted  upon. 

Such  a  motion  is  made  and  seconded. 

The  P  rest  dent.— The  importance  of  this  subject  is  brought  to 
my  mind  by  an  incident  that  took  place  within  the  past  two 
weeks,  where  I  had  occasion  to  see  estimates  on  boiler  specifi- 
cations, not  very  definitely  written,  and  to  find  that  they  varied 
one  hundred  per  cent.  It  must  be  that  the  lowest  one  bid  on 
the  cheapest  materials  and  the  highest  one  on  excellent  mater- 
ials. Such  a  standard  as  this  would  have  brought  those  bids 
near  together,  and  would  have  secured  the  selection  of  proper 
materials. 

Mr.  Kent. — The  same  kind  of  boilers  ? 

The  President. — They  were  understood  to  be  the  same  kind  of 
boilers.     The  specification  was  rather  inexactly  written. 

The  motion  to  print,  etc.,  is  carried. 

No  other  or  new  business  being  presented,  the  professional 
papers  assigned  for  discussion  were  takeii  up  as  follows : 

Forrest  R.  Jones,  "/Diagrams  for  Relative  Strength  of  Gear 
Teeth  "  ;  F.  J.  Cole,  "  Experiments  in  Boiler  Bracing "  ;  De 
Volson  Wood,  "  Adiabatics  "  ;  Frederick  A.  Bedell,  "  New  Form 
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of  Transmission  Dynamometer  "  ;  E.  S.  Hale,  "  Fuel  Gas  Anal- 
ysis in  Boiler  Tests  "  ;  E.  C.  Carpenter,  "  BLygrometric  Proper- 
ties of  Coals." 

Those  who  participated  in  the  discussion  on  these  papers 
were  Messrs.  John  H.  Barr,  H.  H.  Suplee,  Oberlin  Smith,  Wm. 
Kent,  C.  W.  Hunt,  Geo.  I.  Eockwood,  Jas.  Hartness,  G.  C. 
Henning,  C.  L.  Newcomb,  John  Fritz,  Qeo.  Eichmond,  Albert 
Kingsbury,  C.  J.  H.  Woodbury,  J.  H.  Kinealy,  E.  C.  Carpenter, 
and  E.  S.  Hale. 

In  organizing  the  afternoon  excursion  for  this  day  a  new 
experiment  was  tried  and  with  what  has  appeared  to  have  been 
a  certain  degree  of  success.  When  an  excursion  party  to  visit 
a  works  has  over  three  hundred  persons  in  it  the  number  to  be 
taken  care  of  becomes  so  large  that  the  real  intent  of  the  visit 
is  likely  to  be  frustrated.  Hence,  with  the  concurrence  of  the 
shops  in  question,  the  visiting  members  were  divided  into  two 
great  groups,  generally  upon  the  line  of  the  numerical  succes- 
sion in  which  they  were  registered.  The  members  whose  badge 
number  indicated  that  they  had  registered  before  the  number 
150  was  reached,  made  their  excursion  to  the  works  of  the  Pope 
Manufacturing  Company,  and  those  whose  numbers  indicated  a 
later  registration  were  escorted  to  the  Columbia  Motor  Car- 
riage Works,  to  the  Hartford  Eubber  Works,  and  to  the  Pope 
Tube  Works.  The  first  party,  after  completing  the  visit  to  the 
Pope  Manufacturing  Company,  were  escorted  to  the  works  of 
the  Billings  and  Spencer  Company,  and  the  second  group  vis- 
ited the  Pratt  and  Whitney  Company.  At  all  places  represen- 
tatives of  the  office  stdff  were  at  hand  to  serve  as  guides  and 
escorts  of  their  respective  subdivisions  through  the  works 
according  to  a  prescribed  programme,  so  that  by  this  principle 
of  subdivision  it  became  possible  for  everyone  to  see  every 
detail  without  the  embarrassment  which  often  follows  from  the 
congestion  of  large  parties  getting  into  small  spaces.  The 
arrangement  by  numbers  was  not  made  rigid  or  inflexible,  so  as 
to  interfere  with  the  preferences  of  friends,  but  was  aimed 
merely  to  make  the  parties  of  manageable  size. 

In  the  evening,  by  invitation  of  the  Faculty  and  CorpcMnation 
of  Trinity  College,  a  reception  was  tendered  to  the  visiting  engi- 
neers in  Alumni  Hall.  Acting  President  Dr.  Thomas  E.  Pyn- 
chon  received  the  guests  in  his  official  garb,  while  a  committee 
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of  the  students  acted  as  ushers  to  attend  to  the  conduct  of  the 
other  features  of  the  reception.  After  the  attractive  collation 
had  been  served  in  the  hall  the  rugs  and  tables  were  moved  to 
one  side  and  dancing  prevailed  until  a  later  hour.  The  repre- 
sentatives of  the  College,  with  their  ladies,  took  active  part  in 
the  entertainment  of  their  guests. 

Third  Session.    Thursday,  May  27th. 

This  session  was  called  promptly  to  order  at  ten  o'clock  and 
was  exclusively  devoted  to  professional  papers.  The  assign- 
ments of  the  morning  were  as  follows  : 

Chas.  H.  Benjamin,  "  Electricity  versus  Shafting  in  the  Ma- 
chine Shop  "  ;  D.  C.  Jackson,  "  Electrical  Power  Equipment  for 
General  Factory  Purposes  "  ;  Francis  Schumann,  '*  Volumnar 
Contraction  of  Cast-iron  "  ;  A.  L.  Kice,  "  The  Laws  of  Cylinder 
Condensation "  ;  H.  A.  Hill,  "  Tests  of  Sulzer  Engines  "  ;  H. 
M.  Lane,  "Method  of  Accounting  to  Determine  Shop  Cost  and 
Selling  Price." 

The  participants  in  debate  upon  these  papers  were  Messrs.  D. 
C.  Woodward,  C.  H.  Benjamin,  L.  S.  Randolph,  J.  B.  Blood,  A. 
W.  Eobinson,  H.  H.  Suplee,  H.  C.  Spaulding,  Jesse  M.  Smith, 
William  Kent,  John  Fritz,  A.  A.  Cary,  Francis  Schumann,  A.  F. 
Bardwell,  W.  B.  Smith-Whaley,  Oberlin  Smith,  George  L  Rock- 
wood,  George  R.  Stetson,  R.  H.  Thurston,  J.  B.  Sta'nwood,  D.  S. 
Jacobus,  F.  A.  Scheffler,  C.  W.  Hunt,  H.  C.  Francis,  H.  L. 
Gantt,  G.  C.  Henning,  and  W.  R.  Warner. 

The  afternoon's  excursion  was  made  upon  lines  similar  to 
those  of  the  previous  day.  The  party  which  had  visited  the 
Pope  Manufacturing  Company  on  Wednesday,  visited  the  other 
establishments  this  afternoon,  thus  enabling  every  member  to 
see  thoroughly  all  points. 

The  fourth  session,  on  Thursday  evening,  was  devoted  to  a 
paper  of  somewhat  popular  character,  illustrated  with  lantern 
slides  from  excellent  photographs  covering  the  History,  Rise, 
and  Development  of  the  Bicycle.  This  paper  was  presented 
by  Dr.  Leonard  Waldo. 

It  had  been  the  intention  of  the  Local  Committee  that  after 
the  close  of  this  session  an  exhibition  should  be  given  of  the 
capabilities  of  Hartford's  self-propelling  fire-engine  ;  but  by 
reason  of  the  inclemency  of  the   weather  this  exhibition  was 
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postponed  until  the  following  morning  at  an  hour  just  before 
the  convening  of  the  professional  session.  This  exhibition 
before  an  interested  audience  perhaps  centred  more  general 
attention  upon  the  presence  of  the  engineers  in  Hartford  than 
anything  else  which  happened  during  their  stay. 

Fifth  Session.     Friday,  May  28th. 

The  papers  assigned  to  the  morning  session,  convened 
promptly  at  ten  o'clock,  were  as  follows  : 

W.  S.  Aldrich,  "  Bating  Electrical  Power  Plants  upon  the 
Heat  Unit  Standard "  ;  Gus  C.  Henning,  "  A  Mirror  Exten- 
simeter  "  ;  John  H.  Barr,  **  Current  Practice  in  Engine  Propor- 
tions " ;  Thomas  Gray,  "  A  Continuous  Steam  Engine  Indi- 
cator." 

The  discussion  upon  these  papers  was  by  Messrs.  C.  T.  Porter, 
William  Kent,  F.  A.  Halsey,  F.  A  Scheffler,  W.  S.  Aldrich,  A. 
A.  Cary,  D.  S.  Jacobus,  H.  H.  Suplee,  John  H.  Barr,  W.  S. 
Aldrich,  and  Thomas  Gray. 

At  the  close  of  the  papers  assigned  for  this  session  the  Topi- 
cal Discussions  were  taken  up,  introduced  by  a  short  preface 
by  the  Secretary  to  the  effect  that  it  had  been  found  desirable 
to  introduce  the  subject  to  be  discussed  by  a  few  paragraphs 
which  should  present  one  view  of  the  question  and  then  leave 
it  for  the  meeting  to  continue  it.  Mr.  E.  J.  Armstrong  dis- 
cussed the  question  as  to  a  wise  steam  distribution  at  early  cut- 
offs ;  Messrs.  Mack,  Carpenter,  Gray,  Barr,  Suplee,  and  Kings- 
bury discussed  certain  tests  upon  the  efficiency  of  the  bicycle 
as  a  machine  ;  and  Messrs.  Woodbury,  Benjamin,  and  Sweet  dis- 
cussed the  subject  of  basement  floors  for  machine  shops. 
There  was  no  time  for  the  presentation  of  discussions  on  the 
rotary  steam  engine,  the  crystallization  of  iron  by  vibration  and 
shock,  and  a  note  upon  an  historic  wind-mill  gearing,  which 
were  postponed  to  the  next  meeting  or  else  were  to  be  treated 
as  presented  by  title. 

Two  alternatives  in  the  way  of  excursion  were  presented  for 
this  afternoon,  but  by  reason  of  the  perfect  weather  and  the 
attractions  offered  by  the  excursion  down  the  Connecticut  Biver 
a  comparatively  small  number  only  availed  of  the  courteous 
invitation  of  the  Colts  Patent  Fire  Arms  Company  to  visit  their 
works  and  armory.      The   attractive    excursion   in   which    the 
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greater  number  participated  was  that  arranged  by  invitation  of 
the  Hon.  John  H.  Hall  in  cooperation  with  Mr.  Frederick  De- 
Peyster,  to  sail  down  the  lovely  Connecticut  Valley  from  Hart- 
ford to  Portland,  with  an  opportunity  at  that  place  to  visit  the 
great  brownstone  quarries  of  the  Brainerd,  Shaler  and  Hall 
Quarry  Co.  The  trip  was  made  down  the  river  in  the  beautiful 
light  of  a  perfect  May  afternoon,  with  the  elms  and  other  trees 
of  the  landscape  in  their  fresh  green  foliage.  The  party  was 
accommodated  upon  a  schooner  with  its  tug-boat,  and  a  small 
overflow  party  boarded  a  steam  yacht.  Arrived  at  Portland, 
the  party  was  entertained  at  the  oflSce  of  the  works,  and  thence 
transferred  to  a  special  train  tendered  by  the  courtesy  of  the 
New  York,  New  Haven  and  Hartford  Bailroad,  by  which  the 
party  was  conveyed  to  Berlin  with  a  stop  of  a  few  minutes  at 
East  Berlin,  where  they  were  the  guests  of  Mr.  Chas.  M.  Jarvis, 
President  of  the  Bridge  Company,  and  were  permitted  a  brief 
opportunity  to  see  his  works.  At  Berlin  a  stop  was  made  at  the 
new  power  station,  generating  current  for  the  operation  of  the 
electric  line  l)etween  New  Britain  and  Hartford,  making  use  of 
the  third-rail  system  for  the  transmission  of  electric  energy. 
The  train  then  ran  into-  New  Britain,  where  the  party  was 
broken  up  to  board  thQ  open  cars  of  the  electric  branch,  and 
were  conveyed  at  high  speed  back  to  the  Union  station  at 
Hartford.  A  special  high-geared  motor  on  one  of  the  cars 
enabled  the  trip  to  be  made  at  the  rate  of  nine  and  three-quar- 
ter miles  in  eleven  minutes. 

Closing  Session.     Friday  Evening,  May  28th. 

The  President  opened  the  final  session  at  half-past  eignt,  by 
announcing  the  committee  required  under  Article  XL  of  the 
rules,  whose  duty  it  shall  be  to  nominate  officers  of  the  Society 
for  the  ensuing  Society  year,  beginning  at  the  annual  meeting 
in  December.     The  President  announced  as  such  committee  : 

Mr.  C.  H.  Loring New  York  City. 

Mr.  Jeremiah  M.  Allen Haitford. 

Mr.  M.  C.  Bullock Chicago. 

Mr.  Jesse  M.  Smith Detroit. 

Mr.  John  R.  Freeman Boston. 

Professional  papers  were  then  taken  up  as  follows  : 

Gus  C.  Henning,  "  A  Pocket  Recorder  for  Tests  of  Materials  "  ; , 
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Tliomaa  Gray,  "  The  Efltect  of  Alternate  Positive  and  Negative 
Stresses  in  Iron  and  Steel " ;  Thomas  Gray,  "  The  Yield  Point 
in  Iron  and  Steel " ;  D.  S.  Jacobup,  "  An  Apparatus  for  Accu- 
rately Measuring  Pressures  of  Ten  Thousand  Pounds  per  Square 
Inch  and  Over  "  ;  D.  S.  Jacobus,  "  Tests  to  Show  the  Influence 
of  Moisture  in  Steam  on  the  Economy  of  a  Steam  Turbine  "  ;  A. 
K.  Mansfield,  "  The  Best  Load  for  Compound  Steam  Engine." 

In  their  discussion,  Messrs.  Gray,  Henning,  Woolson,  Benja- 
min, and  Thurston  took  part. 

General  business  being  in  order,  the  President  called  for  the 
report  of  a  committee  which  had  been  appointed  to  draw  up  for 
presentation  at  the  meeting  certain  minutes  or  resolutions  ex- 
pressive ot  the  recognition  of  the  Society  for  courtesies  extended 
to  them  while  in  Hartford.  Besides  the  general  excursions 
which  had  been  arranged  for  the  membership  in  large  bodies, 
there  were  other  and  particular  courtesies  which  had  been 
extended  in  the  form  of  special  invitations,  special  attentions  to 
the  ladies  of  the  party,  and  in  particular  the  general  courtesy 
which  had  been  extended  to  the  Society  in  making  its  members, 
while  in  Hartford,  the  guests  of  the  electric  trolley  lines  of  the 
city.  This  gave  them  free  transportation  in  the  large  parties 
which  went  from  hotels  to  the  different  establishments ;  but,  in 
addition  to  this,  the  members,  in  their  individual  capacity  for 
pleasure  and  other  rides,  were  not  allowed  to  pay  their  fare,  but 
an  abundance  of  books  of  coupon  tickets  were  put  at  the  service 
of  all  who  would  ask  for  them  from  the  Secretary.  The  Com- 
mittee'on  Resolutions  therefore  sought  to  cover  all  these  various 
courtesies  and  attentions  in  the  form  of  a  series  of  papers  which 
were  presented  to  the  Secretary  for  reading,  as  follows  : 

Resolved,  That  the  American  Society  of  Mechanical  Engineers,  which  lias  con- 
vened in  the  city  of  Hartford  for  its  thirty-fiftli  re^'ular  meeting,  desires  lo  put 
on  ri'cord  its  sense  of  recognition  for  the  courtesies  wliich  have  been  enjoyed  at 
the  hands  of  the  manafacturers  of  Hartford.  Tbe^e  gentlemen  have  opened 
their  worlds  to  tli«  free  Inspection  of  the  visiting  engineers,  who  fully  appreciate 
all  that  it  means  to  have  the  works  thus  laid  open  to  outsiders. 

The  Society  would  especially  extend  its  hearty  thanks  to  Col.  Albert  A.  Pope 
and  his  associates  in  the  Pope  Manufacturing  Company  ;  to  the  Hartford  Rubber 
Works,  to  the  Motor  Carriage  Works,  and  to  the  Pope  Tube  Company.  The 
Society  would  particularly  record  its  appreciation  of  the  considerate  way  in 
which  its  visits  were  organized  to  these  various  works,  fop  the  divi;iion  of  the 
visitine  party  into  small  groups,  and  for  the  cnre  which  has  been  taken  to  fee 
that  every  visitor  shonld  profit  by  the  visit  that  he  was  permitted  to  niak^. 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  recogniseH  the 
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liistoric  pre8miD6DC6,  in  the  manuf acta  ring  world,  of  Hartford  and  of  the  Pratt  & 
Whitney  Company,  and  begs  that  the  latter  will  accept  the  sincere  thanks  of  the 
Society  for  the  privilt*ge  accorded  of  a  visit  of  inspection  to  their  works,  and  the 
assurance  of  its  interest  in  tlie  machinery  and  processes  which  it  was  there  given 
an  opportunity  to  study. 

Resolved,  That  to  the  firm  of  the  Billings  &  Spencer  Company  the  American 
Society  of  Mechanical  Engineers  accords  the  preeminence  of  being  one  of  the 
first  establishments  to  see  the  field  in  economical  manufacture  which  would  be 
opened  by  the  successful  introduction  of  the  process  of  drop  forging.  The  intro- 
duction  of  this  process  into  the  manufacture  of  guns  and  small  arms,  sewing 
machines,  carriage-making,  and  latterly  the  bicycle  manufacture,  has  been  one 
of  the  elements  which  have  given  to  American  mechanics  and  engineers  their 
world-wide  fame.  The  Society  would  tender  to  the  Billings  &  Spencer  Company 
its  sincere  thanks  for  the  opportunity  to  visit  their  works  and  see  the  process  of 
forging  in  one  of  the  places  of  its  birth. 

Besolved,  That  in  the  department  of  the  manufacture  of  small  arms. the  City 
of  Hartford  has  long  stood  preiminent.  One  great  cause  of  this  position  and 
reputation  has  been  the  standing  and  success  of  the  great  armory  which  is 
known  as  the  Colt's  Patent  Fire  Arms  Manufacturing  Company's  Shops.  The 
Society  desires  to  express  to  Mr.  John  H.  Hall,  Manager  of  this  company,  and 
his  associates  in  charge  of  its  various  departments,  its  sincere  thanks  for  the 
courtesy  of  an  invitation  to  visit  the  armory  during  its  stay  in  Hartford.  The 
Society  can  only  regret  that  the  very  fulness  of  its  programme,  which  has  been 
made  to  include  so  many  points  of  professional  interest,  has  made  it  impossible 
for  all  the  members  to  avail  of  the  opportunity  as  they  would  have  desired. 

Eettolved,  That  the  American  Society  of  Mechanical  Engineers,  to  which  has 
been  extended  an  opportunity  to  visit  the  great  brownstone  quarries  of  the 
Brainerd,  Shaler  &  Hall  Quarry  Company  of  Portland,  would  seek  by  this  resolution 
to  record  its  sense  of  pleasure  in  this  invitation  and  its  indebtedness  to  the  Hon.. 
John  H.  Hall,  who  has  made  the  arrangements  for  this  visit.  The  Society  would 
seek  to  include  in  this  resolution  and  in  its  expression  of  thanks  Mr.  Frederick 
DePeyster,  the  General  Manager  of  the  quarry  company,  and  would  thank  him 
in  a  special  way  for  the  assiduous  care  that  he  has  taken  in  the  matter  of  detail 
concerning  the  arrangements. 

Besohed,  That  in  these  days  of  mechanical  traction  in  our  important  cities  the 
Company  and  its  President  who  provide  free  transportation  on  its  trolley  system 
for  the  guest  whom  they  desire  to  honor  extend  to  such  a  guest  a  courtesy  and 
attention  which  is  only  to  be  compared  to  that  honor  which  in  an  older  day  and 
under  other  conditions  has  been  called  **  the  freedom  of  the  city.'*  The  Ameri- 
can Society  of  Mechanical  Engineers  wishes  to  express  to  Mr.  E.  S.  Goodrich^ 
President  of  the  Hartford  Street  Railway  System,  and  his  associates  in  that 
business,  its  sincere  thanks  for  the  exceeding  courtesy  which  the  Society  has 
enjoyed  in  being  permitted  to  ride  about  the  city  during  its  stay  as  the  guests 
of  the  Railway  Company.  Not  sati^fipd  with  giving  to  the  Society  the  surprising 
number  of  4,000  complimentary  tickets,  the  Company  has  supplemented  that  by 
additional  provision  so  that  by  no  possibility  should  any  member  fall  short. 

The  question  of  the  scope  of  the  Mechanical   Engineer  in  the  field  of  trans- 
portation is  one  which  the  increasing  development  of  our  country  is  continually 
43 
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wideuing.  Not  the  least  interesting  department  of  this  work  is  that  where  the 
Mechanical  Engineer  unites  with  the  Electrical  Engineer  in  installations  of  great 
mngnitude  between  points  which  are  at  some  distance  from  each  other.  It  is  not 
yet  definitely  settled  what  are  the  limits  within  which  the  distributioo  of  elec- 
trical energy  is  commercially  to  compete  with  the  direct  application  of  steam  to 
traction,  and  for  this  reason  the  American  Society  of  Mechanical  Engineers  has 
much  appreciated  the  opportunity  to  inspect  the  great  power  house  of  the  third- 
rail  system  at  Berlin,  und  to  enjoy  a  ride  upon  the  electrically  propelled  cars  of 
the  New  Britain  branch  of  tlie  N.  Y.^  N.  H.  &  H.  R.  R. 

The  Society  would  express  its  sincere  thanks  to  Col.  fl.  N.  Heft,  Chief  Electrical 
Engineer  of  the  N.  Y.,  N.  H.  &  H.  R.  R.  ;  to  Mr.  John  Henney,  Superintendent 
of  Motor  Power ;  and  to  Mr.  Daviflson,  Division  Superintendent ;  and  to  Vice- 
President  John  II.  Hall,  together  with  their  associates  in  the  Transportation  de- 
partment of  that  great  railway,  for  the  courtesies  that  they  have  received  at  their 
hands.  They  appreciate  in  particular  the  transportation  by  special  trains,  which 
has  enabled  them  to  include  the  visit  to  the  power  plant  in  an  afternoon  already 
busily  occupied,  and  for  all  the  facilities  which  have  been  put  at  the  convenience 
of  the  members  for  their  excursion  on  this  occasion. 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  desires  to 
express  its  thanks  to  Mr.  Chas.  M.  Jarvls,  President  of  the  Berlin  Iron  Bridge 
Company,  for  his  courteous  invitation  to  make  a  stop  at  the  shops  and  for  the 
attentions  which  were  there  enjoyed. 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  desires  to 
express  thanks  to  the  Board  of  Fire  Commissioners  for  the  courtesy  which  was 
put  within  their  reach  by  the  opportunity  given  to  see  the  action  in  service  of 
Hartford's  great  self-propelling  fire-engine  on  the  morning  of  May  28th.  They 
would  express  themselves  as  much  pleased  and  interested  to  see  the  mechanical 
impressiveness  of  the  self-propeller,  the  ease  with  which  it  was  manoeuvred, 
and  its  powerful  appearance,  which  seems  to  justify  its  affectionate  designation 
in  the  city  which  is  proud  to  claim  it  for  its  own. 

In  the  American  Society  of  Mechanical  Engineers  the  custom  has  not  as  yet 
prevailed  of  giving  to  the  ladies  in  attendance  an  open  voice  in  the  conduct  of  its 
routine  business.  The  members  therefore  must  make  themselves  the  mouth- 
piece for  the  expression  to  the  ladies  of  Hartford  of  something  of  the  indebted- 
ness which  the  visitinc:  ladies  feel  for  those  special  and  individual  courtesies 
which  have  passed  between  the  visiting  ladies  of  the  Society  and  their  hostesses. 
Besides  the  individual  attention  in  the  matters  of  drives  and  the  like,  an  especial 
emphasis  should  be  given  to  tlie  courtesy  shown  in  so  effective  a  way  by  the  after 
noon  tea  at  the  AUyn  House,  over  which  the  Hartford  hostesses  presided,  and 
which  they  succeeded  in  making  so  festal  and  enjoyable  an  affair.  The  members 
beg  that  the  very  clumsiness  of  the  note  of  thanks  may  be  taken  as  a  foil  to  set 
off  the  delicacy  of  the  attentions  shown  by  the  ladies. 

The  American  Society  of  Mechanical  Engineers  desires  to  return  to  the 
Oflftcers  and  Qovemors  of  the  Hartford  Club  its  sincere  thanks  for  the  consid- 
erate attention  which  has  been  shown  to  them  in  the  form  of  the  special  cards 
whereby  the  visiting  members  were  put  up  at  the  Club  for  the  pririleges  of  club 
membership  during  their  stay.  This  attention,  coming  from  sources  not  immedi- 
ately connected  with  mechanical  engineering,  the  Society  takes  as  an  evidence  of 
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kindly  feeling  toward  mechanical  engineering  on  the  part  of  Hartford  citizens 
which  is  particularly  pleasant  and  for  which  a  sincere  expression  of  thanks  is  due.  • 

The  reception  which  was  tendered  to  the  Mechanical  Engineers  hy  the  Faculty 
and  Corporation  of  Trinity  College  will  form  one  of  the  pleasantest  memories  of 
tbe  week  which  the  Society  has  spent  in  the  city  of  Hartford^  The  close  rela- 
tion between  education  and  engineering  is  often  more  fully  appreciated  by  the 
engineers  than  from  the  other  direction.  This  circumstance  gives  special  sigui- 
fiance  to  the  action  of  the  college  authorities,  and  the  Society  would  seek  by  this 
resolution  to  record  its  appreciation.  They  would  beg  the  Faculty  and  Corpora- 
tion of  Trinity  College  to  accept  their  thanks  for  their  graceful  courtesy,  for  the 
opportunity  to  meet  the  workers  in  a  different  field  than  tlieir  own,  and  for  the 
^rengtbening  of  the  bond  between  literary  culture  and  the  practical  achievements 
of  science  and  engineering. 

Resolved^  That  the  American  Society  of  Mechanical  Engineers  begs  to  return 
to  the  Board  of  Trade  of  Hartford  its  sincere  thanks  for  its  cordial  invitation  to 
make  use  of  its  rooms  in  the  Phoenix  Insurance  Company's  building  during  tbeir 
stay  in  the  city. 

Tbe  very  full  programme  of  regular  excursions  arranged  for  the  Society 
during  its  stay  in  Hartford  precluded  the  possibility  of  making  visits  in  a  body 
to  all  points  of  professional  interest  in  so  busy  a  manufacturing  city. 

Tbe  Society  therefore  requests  that  the  firms  and  ^hops  which  have  extended 
the  courtesy  of  an  invitation  to  individual  members  or  email  parties  will  accept 
its  mo.-^t  sincere  thanks  for  this  attention. 

The  Society  would  include  among  those  in  this  list  the  following :  Hartford 
Woven  Wire  Mattress  Company,  Smith  Bourne  Company,  The  Hartford  Cycle 
Company,  Dwight  Slate  Machine  Company,  The  Jewell  Belting  Company,  Hart- 
ford  Typewriter  Company,  Spencer  Automatic  Machine  Screw  Company,  Trinity 
College,  Asa  S.  Cook  Company,  Whitney  Manufacturing  Company,  Thorne 
Machine  Company,  States  Machine  Company,  Eddy  Electric  Company,  Hartford 
Electric  Light  Company,  Hartford  City  Gas  Light  Company,  Hartford  Street 
Railway  Company,  Perkins  Electric  Switch  Company,  National  Machine  Com- 
pany, Pratt  &  Cady  Company,  The  Hartford  Machine  Screw  Company. 

Resolved,  That  tbe  American  Society  of  Mechanical  Engineers  includes  in  its 
votes  of  thanks  and  recognition  a  minute  expressive  of  the  appreciative  treatment 
which  the  Society  has  received  from  the  Press  of  the  City  of  Hartford,  and  asks 
that  that  body  will  give  suitable  publicity  to  the  action  which  the  Society  has 
taken. 

The  American  Society  of  Mechanical  Engineers  has  again  to  make  for  itself  an 
attempt  to  express  on  behalf  of  the  ladies  of  its  party  something  of  the  thanks 
which  are  due  to  Messrs.  Cheney  Bros,  for  the  attentions  shown  on  the  occasion 
of  the  special  excursion  to  their  mills  at  South  Manchester,  for  the  delightful  tea 
tendered  them  on  this  visit  at  the  residence  of  Mr.  Cheney  and  the  opportunity 
for  a  charming  personal  acquaintance,  for  the  visit  to  the  mill,  and  for  the  most 
attractive  souvenir  which  the  ladies  were  permitted  to  take  away  with  them. 

The  Society  would  seek  to  include  in  this  ret^olution  the  Hartford,  Rockville  & 
Manchester  Tramway  Company,  which,  through  its  Secretary,  Mr.  Haynes,  pro- 
vided special  carx  for  the  trip  and  extended  to  the  Society  the  courtesies  of  the 
road  for  this  excursion. 
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Eesolved,  That  the  members  of  the  American  Society  of  Mechanical  Engineers 
.  extend  their  heart j  thanks  to  the  Hartford  Steam  Boiler  Innpection  &  Insurance 
Company,  to  Mr.  Jeremiah  M.  Allen,  its  President,  and  to  his  associates  for  the 
courtesy  of  the  invitation  to  visit  their  offices,  with  their  technical  moseum  and 
special  appliances,  and  can  only  regret  that  it  has  not  been  possible  for  them  to 
avail  more  generally  of  the  privileges  of  this  invitation. 

Finally,  When  the  American  Society  of  Mechanical  Engineers  conclades,  as  it 
now  does,  one  of  its  most  successful  conventions,  it  rises  to  adjourn  with  a  sense 
of  obligation  to  its  Local  Committee  of  Arrangements  which  is  but  feebly  re- 
flected in  the  somewhat  formal  mould  of  an  official  vote  of  thanks.  The  Society 
begs  to  ask  that  Mr.  C.  E.  Billings,  Chairman  of  the  Local  Committee,  and  Mr.  F. 
C.  Billings,  its  Secretary,  will  make  themselves  the  channel  through  which  tbeir 
associates  on  the  Local  Committee  may  be  assured  of  a  heartfelt  appreciation  of 
their  labor,  and  that  they  will  accept  the  congratulations  of  the  convention  upon 
one  of  its  most  successful  reunions. 

At  the  close  of  the  reading  of  this  record  it  was  moved  that 
the  Secretary  be  instructed  to  communicate  by  letter  a  copy  of 
the  resolution  pertinent  to  each  of  the  parties  mentioned,  and 
by  an  amendment  it  was  directed  that  these  resolutions  be  suit- 
ably engrossed  for  this  purpose.  The  resolution  to  adopt  the 
foregoing  report  as  the  action  of  the  Society  and  the  special 
resolutions  concerning  transmittal  were  unanimously  adopted, 
and  by  a  rising  vote.  The  President  in  concluding  the  session 
suggested  that  the  members  might  give  personal  point  to  their 
sense  of  recognition  of  the  success  of  the  Hartford  meeting  by 
the  writing  of  individual  and  personal  letters  to  their  hosts  after 
the  return  home ;  whereupon  it  was  on  motion  resolved  that  the 
Society  adjourn. 

The  next  meeting,  which  will  be  the  XVIIIth  annual  meeting, 
is  to  be  expected  in  the  city  of  New  York  in  the  last  days  of 
November. 
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DCCXXV.* 

VOLUMNAR   CONTRACTION   OF  CASTINGS  IN 
COOLING.\ 

BT  FRANCIS  SCUUM ANN,   PHILADELPHIA. 

(Member  of  the  Society.) 
INTRODUCTION. 

It  is  proper  that  I  should  preface  the  reading  of  this  paper 
with  a  few  remarks.  The  object  of  the  researches  contained  is 
to  guide  the  engineer  in  the  designing  of  the  parts  of  a  machine 
that  he  may  avoid  the  occurrence  of  initial  stresses  and  conse- 
quent deformation  ;  it  will  likewise  enable  the  foundryman  to 
shift  the  responsibility  for  cracked  and  distorted  castings  from 
his  shoulders  to  those  of  the  designer,  and  be  relieved  of  the 
necessity  of  performing  feats  of  acrobatic  twists  in  order  to  ob- 
tain castings  perfect  to  the  eye  from  forms  and  shapes  grossly  at 
Tariauce  with  the  laws  of  cooling. 

From  a  commercial  point  of  view,  a  conservative  estimate  of 
the  daily  losses  of  castings  due  to  shrink  cracks  and  deforma- 
tion is  at  least  five  dollars  per  foundry,  and  there  being  about 
four  thousand  foundries  in  the  United  States,  the  aggregate  loss 
is  twenty  thousand  dollars  per  day.  The  loss  of  a  large  casting 
may  reach  hundreds  of  dollars. 

A  knowledge  of  the  laws  of  cooling  and  the  consequent  con- 
traction vnll  show  that  wrong  proportions  of  the  shrouding  of 
gear  wheels,  while  supporting  the  teeth,  may  seriously  weaken 
the  rim  of  the  wheel,  by  reason  of  the  initial  tensile  stress  from 
the  greater  rate  of  contraction  in  the  rim  than  the  shrouding.    It 


*  Presented  at  the  Hartford  meeting  (May,  1897)  of  tlie  American  So<iety  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Transactions, 

f  This  paper  contains  addenda  to  the  paper  presented  at  the  New  York  meet- 
ing (December,  1896)  of  the  American  Society  of  Mechanical  Engineers,  entitled 
"  Contraction  and  Deformation  of  Iron  Castings  in  Cooling  from  the  Fluid  to  the 
Solid  State,"  and  is  intended  to  open  and  continue  discussion  on  tliat  subject. 
The  first  paper  appears  as  No.  718,  Tra^saeHons  A.  S.  M.  E.,  vol.  xviii., 
p.  394. 
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will  exhibit  the  lowest  ratio  of  costs  to  power  delivered  to  the 
machinery  of  transmission  is  the  best  from  the  point  of  view  of 
the  purchaser. 
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In  the  diagram  (Fig.  207)  let 
respectively,  represent .  the  curves 
type  of  engine,  as  indicated  by  the 


the  curves  Aj  B^  C>  D,  Ey 
of  efficiency  found  for  each 
attached  legend,  and  let  the 
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total  back  pressures,  as  reckoned  by  Tate  and  by  Bankine,  be 
indicated  by  the  ordinates  of  the  lines  (?"X, "  OX/"  and  let  the 
subscripts  of  0,  as  marked  below  and  at  the  left  of  that  letter, 
identify  the  respective  measures  of  those  costs  which  are  vari- 
able with  size  of  engine,  in  their  order,  from  simple  to  triple 
expansion,  inclusive ;  then  the  tangents  drawn  from  the  proper 
points,  on  either  back-pressure  line  as  thus  identified,  to  the 
proper  curve,  will  indicate  just  what  proportion  of  the  steam 
taken  in  at  full  stroke,  or  per  cubic  foot  of  cylinder,  should  be 
admitted  to  insure  the  most  economical  use  of  steam  from  the 
treasurer's  standpoint. 

Here,  as  in  the  preceding  case,  the  ordinates  are  shorter  than 
those  of  the  ideal  curve,  which  forms  the  upper  limit,  by  the 
amount  of  cylinder  condensation,  clearance  waste,  and  leakage, 
and  of  radiation  and  conduction  observed  or  computed  for  the 
engines  considered.  These  losses  can  now  be  estimated,  usu- 
ally, with  a  fairly  close  approximation  to  accuracy  for  the  bet- 
ter classes  of  engine  ;  many  ir^eful  experimental  data  are  also 
now  available,  and  the  latter  are  coming  in  in  increasing  quan- 
tity, fullness,  and  accuracy. 

Mr.  Brinsmade  of  Sibley  College  has  discussed  the  effect  of 
internal  wastes  on  the  proper  ratio  of  expansion,  thus  : 

In  this  derivation  it  was  assumed  that  the  expansion  was  ac- 
cording to  the  law  of  an  equilateral  hyperbola,  or  that  PTwas 
a  constant  quantity.  It  is  also  assumed  that  the  loss  by  radia- 
tion, cylinder  condensation,  etc,  is  a  constant  quantity  for  all 
cut-offs  between  the  same  range  of  pressure.  This  latter  as- 
sumption introduces  a  slight  error  into  the  work,  as  in  the 
later  cut-offs  the  extra  surface  exposed  tends  to  increase  the 
initial  condensation.  But  as  the  larger  portion  of  the  initial 
condensing  surface  is  made  up  of  the  area  of  the  piston  sur- 
face and  cylinder  head,  this  increase  would  by  no  means  be 
proportional  to  the  increase  in  the  cut-off  volume.  If,  however, 
a  more  exact  determination  is  desired,  this  approximate  calcula- 
tion will  serve  as  a  trial  value,  to  obtain  a  more  exact  idea  of 
this  cylinder  loss.  Then  by  solving  again  with  this  new  value, 
almost  all  error  can  be  eliminated.* 

The  accompanying  Fig.  208  shows  the  diagram  used  in  the 
deduction  of  this  formula. 


*  See  Thorstoa's  Manual  of  the  Steam  Ehigine,  vol.  i.,  §§  129,  130,  especially 
p.  522. 
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By  the  law  of  the  equilateral  hyperbola, 

PV=  PiFi  =  F^Vi^K on  cul've (a) 

and  PV  =  P,V,C  =  P,V2  =  P,r,  =  El  on  cuxve   .     .     (J). 

Let  area  ABDE  ~  a\ 
GCDE^a". 
CFEG  =  a". 
Then  the  percentage  of  the  work  utilized  by  the  cycle  ABGFEy 
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Fig.  208. 


as  compared  to  that  of  the  free  expansion  diagram  ABDEy  as- 
suming the  loss  by  clearance  volume,  cylinder  condensation^ 
and  external  radiation  equal  to  jB,  will  e(iual 

R 


«  —  a    —a 
a' 


a'  ={''  VdP  =  P^V.C  (  '  iIPP  -  7^  r,f/  log  P,  P,; 

a  "=  f '''  rdP  -  /\ vc  ['''  r^p  p  ----  p, r.r  log  p,  p,. 


THE  BK8T  LOAD  FOB  THE   COMPOUND  8TEAH  ENGINE.  687 

Now  A  =  p,  r,c/n : 

.:    a"  =  Pi  F.Clog  P,  V,C/ft  Fj  =  P.F.C'log  <7=  iTClog  ('; 

«'"=  r,(P,-p,)=  v,{P,v,c/v,-p,)=p,v,G-  p,v, 

a'-{a"-a")-R  _  ITClog  P,/P,  -  £Clog  C  +  K{0 -\\-R 
a'  ~  EC  log  P  J Pt 

To  simplify,  make  ^log  P,/A  =  F; 

CF-  iTdog  C  +  K{C- 1)  -R 

_0{F+  K)  -  KClog  C-  K-  R 
CF  ' 

dx  dc 


Solving  for  a  maximum  by  making  this  quantity  equal  to 
zero, 

K0=:=  K+Ii; 

a=(K+  R)/K-^  {/\  l\  +  R)/P,  V, ; 

where  C  is  the  ratio  between  the  new  cut-off  volume  and  the 
cut-off  volume  when  the  steam  expands  to  the  back-pressure 
line,  and  equal,  in  the  figure,  to  AB/AH. 

Prof.  R,  C.  Carpenter. — In  connection  with  the  short  paper  by- 
Mr.  Mansfield,  I  desire  to  call  attention  to  the  results  of  the 
tests  of  the  experimental  engine  at  Sibley  College,  which  are 
given  in  the  Transactions  of  the  Society  in  voL  xvi,  page  913, 
and  also  to  a  test  given  in  vol.  xiv.,  page  426.  In  both  papers 
referred  to,  curves  are  shown  of  tests  of  compound  engines 
running  with  different  loads,  and  consequently  with  different 
numbers  of  expansions.  One  engine  was  a  compound-con- 
densing engine,  with  automatic  cut-off,  running  265  revolutions, 
112  pounds  of  steam  pressure,  and  22  inches  of  vacuum;  this 
shows  the  most  economical  results  with  9J  expansions.  The 
other  engine  to  which  reference  is  made  was  a  Corliss  engine 
with  110  pounds  of  steam,  22  inches  of  vacuum  ;  the  results 
show  highest  economy  with  about  15  expansions  when  un- 
jacketed  and  20  expansions  jacketed^  and  the  variation  of  econ- 
omy with  change  in  number  of  expansions  is  very  sensible,  and 
indicates  that  the  magnitude  of  the  load  has  much  to  do  with  the 
economy. 
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Reference  can  also  be  made  tq  topical  discussion,  714-133, 
Mr.  E.  J.  Armstrong. 

The  following  diagrams  show  the  results  of  tests  made  on  the 
Sibley  College  experimental  engine  (Figa  209,  210,  211): 
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Mr.  A.  K.  Mansfield.* — ^I  am  glad  to  have  called  out  this  valu- 
able discussion  by  Dr.  Thurston.  It  contains  important  prac- 
tical matter,  especially  that  part  relating  to  ultimate  money 
economy  as  against  ultimate  steam  or  coal  economy.  This  is 
not  a  new  subject,  but  has  needed  to  be  applied  to  multiple- 
expansion  work,  and  in  fact  finds  there  its  most  useful  appli- 
cation. 

It  is  rather  startling  to  learn  that  8.^  expansions  is  to  be  pre- 
ferred to  that  number  (21)  which  gave  such  fine  economy  of  steam 
in  case  of  the  Milwaukee  pumping  engine.  Admitting  the  sub- 
stantial correctness  of  Dr.  Thurston's  calculations,  it  may  well 
be  doubted  whether  triple  or  quadruple  expansion  can  any 
longer  be  justified. 

Designers  of  high-grade  plants  are  now  enabled,  and  hereafter 
should  be  required,  to  figure  according  to  this  new  light.+ 

It  should  be  noted  that  the  Milwaukee  engine  runs  at  excep- 
tionally low  piston  speed  (204  feet).  Engines  of  this  size  for 
most  purposes  are  speeded  three  to  four  times  as  fast  as  this. 


♦  Author's  closure,  under  the  Rules. 

tThe  engineer  who  designed  the  plant  of  the  Chicago  City  Railway  Company 
installed  simple  non-condensing  engines  (see  controversy  in  Street  Railway  Jour- 
nal for  Mftv  and  June.  1897)  on  a  similar  ilieory  to  this,  but  clearly  reduced  the 
number  of  expansions  of  steam  used  far  below  the  required  limit. 


ADIABATIOS. 


691 


DCCXXVIII.* 
ADIABATIOS. 

BT  DK  V0L80K  WOOD,t  HOBOKKK,  N.   J. 

(Member  of  the  Social  y. ) 

While  the  principles  upon  which  the  following  solutions  are 
founded  are  well  known,  the  particular  applications  are  new  so 
far  as  known  to  the  writer.     The  principles  referred  to  are  : 

a.  In  any  engine  in  which  the  law  cf  pressures  and  volumes  of  the 
working  fluid  ore  represented  on  a  diagram  of  energy  by  a  dosed 


pathy  the  difference  of  the  heats  absorbed  and  emitted  equals  the  area 
of  tlie  card  aU  expressed  in  the  same  units. 

(The  card  of  an  actual  engine  rarely,  if  ever,  represents  this 
law  exactly,  on  account  of  imperfections  in  the  mechanism, 
hence  the  card  for  our  use  will  be  ideal.) 

b.  During  adiabatic  expansion  no  heat  is  absorbed  or  emitted  by 
the  tvorking  fluid. 

Construct  an  ideal  indicator  card  one  side  of  which  shall  be  an 
adiabatic  and  the  other  sides  thermal  lines  of  known  properties. 

A.  To  find  the  adiabatic  of  a  perfect  gas.      In  Fig.  212  let  AB 

*  Presented  at  the  Hartford   meeting  (May,  1897)  of  the  American  Society 

of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Transactions, 

f  This  paper  was  revised  by  its  author  before  his  sudden  death  in  June,  1897, 

but  the  discussion  could  not  be  sent  to  him.     It  therefore  had  to  be  published 

without  the  author's  closure  usual  in  the  Society's  praciice. ^Secretary. 
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Beference  can  also  be  made  tq  topical  discussion,  714-133, 
Mr.  E.  J.  Armstrong. 

The  following  diagrams  show  the  results  of  tests  made  on  the 
Sibley  College  experimental  engine  (Figs.  209,  210,  211) : 
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Mr.  A,  K.  Mansfidd.* — I  am  glad  to  have  called  out  this  valu- 
able discussion  by  Dr.  Thurston.  It  contains  important  prac- 
tical matter,  especially  that  part  relating  to  ultiniaie  money 
economy  as  against  ultimate  steam  or  coal  economy.  This  is 
not  a  new  subject,  but  has  needed  to  be  applied  to  multiple- 
expansion  work,  and  in  fact  finds  there  its  most  useful  appli- 
cation. 

It  is  rather  startling  to  learn  that  8.^  expansions  is  to  be  pre- 
ferred to  that  number  (21)  which  gave  such  fine  economy  of  steam 
in  case  of  the  Milwaukee  pumping  engine.  Admitting  the  sub- 
stantial correctness  of  Dr.  Thurston's  calculations,  it  may  well 
be  doubted  whether  triple  or  quadruple  expansion  can  any 
longer  be  justified. 

Designers  of  high-grade  plants  are  now  enabled,  and  hereafter 
should  be  required,  to  figure  according  to  this  new  light.+ 

It  should  be  noted  that  the  Milwaukee  engine  runs  at  excep- 
tionally low  piston  speed  (204  feet).  Engines  of  this  size  for 
most  purposes  are  speeded  three  to  four  times  as  fast  as  this. 


♦  Autlior's  closure,  under  the  Rules. 

tThe  engineer  who  deeigned  the  plant  of  the  Chicago  City  Railway  Company 
installed  simple  non-condensing  engines  (see  controversy  in  Street  Railway  Jour- 
nal for  Mftv  and  June.  1897)  on  a  similar  theory  to  tliis,  but  clearly  reduced  the 
number  of  expansions  of  steam  used  far  below  the  required  limit. 


690         THE  BEST  LOAD   FOR  THE   COMPOUND   STEAM  ENGINE. 

Dr.  Thurston  suggests  that  a  manufacturer  "  may  be  able  to 
determine  just  what  his  engines  give  as  the  best  terminal  figures, 
and  thus  obtain  a  standard  for  his  own  practice."  This  is  true, 
but  it  must  be  done  from  experiment,  and,  when  done,  constitutes 
an  answer  to  the  question  of  my  paper. 

Owing  to  the  influence  of  clearance  per  cent.,  amount  of  com- 
pression, point  of  release,  piston  speed,  or  number  of  revolu- 
tions, quickness  of  cut-oflf,  jacket  or  no  jacket,  reheater  or  not, 
per  ceni  of  moisture  in  steam,  size  of  engine,  etc ,  etc.,  a  large 
number  of  careful  tests  is  essential  to  establish  reliable  data 
from  which  constants  may  be  derived  which  will  enable  our 
theories  to  be  successfully  applied. 

In  the  tests  cited  by  Professor  Carpenter  some  or  many  of 
the  above-named  influences  may  have  brought  about  their  in- 
teresting result,  namely,  that  9^  expansions  produced  the  best 
economy  in  our  case;  while  in  the  other  case,  under  similar  con- 
ditions, fifteen  expansions  were  required. 

An  analysis  of  the  reasons  would  be  of  interest 
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DCCXXVIII.* 
ADIABATICS. 

BT  DK  VOLgON  WOOD,t  HOBOKKK,  N.   J. 

(Member  of  the  Sociely.) 

While  the  principles  upon  which  the  following  solutions  are 
founded  are  well  known,  the  particular  applications  are  new  so 
far  as  known  to  the  writer.     The  principles  referred  to  are  : 

a.  In  any  engine  in  which  the  law  of  pressures  and  volumes  of  the 
working  fluid  ore  represented  on  a  diagram  of  energy  by  a  dosed 


path,  the  difference  of  the  heats  absorbed  and  emitted  equals  the  area 
of  t/ie  card  all  expressed  in  the  same  units. 

(The  card  of  an  actual  engine  rarely,  if  ever,  represents  this 
law  exactly,  on  account  of  imperfections  in  the  mechanism, 
hence  the  card  for  our  use  will  be  ideal.) 

b.  During  adiabatic  expansion  no  heat  is  absorbed  or  emitted  by 
the  working  fluid. 

Construct  an  ideal  indicator  card  one  side  of  which  shall  be  an 
adiabatic  and  the  other  sides  thermal  lines  of  known  properties. 

A.  To  find  the  adiabatic  of  a  perfect  gas.      In  Fig.  212  let  AB 

*  Presented  at  the  Hartford   meeting  (May,   1897)  of  the  American  Society 

of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Transactions. 

t  This  paper  was  revised  by  its  author  before  his  sudden  death  in  June,  1897, 

but  the  discussion  could  not  be  sent  to  him.     It  therefore  had  to  be  published 

without  the  author's  closure  usual  in  the  Society's  praciice. —Secretary. 
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be  the  adiabatic,  AD  Ka  isothermal,  BC  a  line  of   constant 
volume,  v,  the  volume  at  A,  v,  at  B  or  C,  t?,  at  D. 

First  work  along  AC,  thence  along  CB,  thence  along  the 
adiabatic  BA.  As  is  well  known,  the  heat  absorbed  along  the 
.  isothermal  AC  equals  the  work  v^ACv^ ;  that  along  CB  will  be 
Cp  multiplied  by  the  fall  of  temperature,  where  C^  denotes  spe- 
cific heat  at  constant  volume  in  foot-pounds.  No  heat  will  be 
absorbed  in  working  along  the  adiabatic  BA,  Let  the  tempera- 
ture 2ki  B\}Q  dr  lower  than  that  at  A  ;  then  heat  absorbed  along 
AC  -  along  CB  -  along  BA^ACB  ;  or, 

v^ACv,  _  r,  (  -  rfr)  +  0  =  ACB; 

.-.  v.ACv^  -  ACB  +  C4^  =  0 ; 

.-.  v.ABv  =  —  Cpdr; 

or,  pdv  =  —  Cpdr (a) 

The  left  member  cannot  be  integrated,  so  another  equation 
must  be  established.  Next,  working  from  A  to  D,  where  D  i» 
on  a  horizontal  through  B,  we  have, 

heat  abs.  along  AD  —  along  DB  —  along  BA  =  ADB,  or, 

v.ADv,  -  C;  (  -  dr)  -  0  =  ADB; 

.-.  GADH-  ADB  4-  C^dr  =  0 ; 

,\IIGAB'=  -  C^dr; 

,\  V  {  —  dp)  =  —  CpdT  ; 

or,  vdp  =  Cpdr (6) 

Equations  (a)  and  (6)  give 

^    =  >f  =F  =  a  constant 
pdv      Cp 

The  further  solution  proceeds  as  usual. 

B.  Adiabatics  of  saturated  vapor.  Let  FN  in  Fig.  213  be  the 
curve  of  saturation,  then  -4  C  =  v,  will  represent  the  volume  of  a 
pound  of  dry  saturated  vapor.  Let  AB  he  the  a:th  part  of 
a  pound  of  the  vapor,  {\  —  x)  AC  =  BC  being  liquid,  and  EBq^^ 
be  the  adiabatic  sought.  Let  state  D  h^  dr  higher  in  tem- 
perature than  A,  then 

pressure  AD  =  ( ;/  )  ^^' 
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Construct  an  indicator  card  one  side  of  whicli  is  the  adiabatic 
EB^  the  two  sides  DE  and  AB  isothermals  of  a  liquid  and  its 
Tapor,  and  AD  the  constant  volume  of  the  liquid,  then,  as  before, 
heat  absorbed  along  AD  +  along  DE  +  along  EB  —  along  BA  = 
area  ADEB. 


Pig.  218. 

Draw  adiabatics  Acp^,  D(p^^  then  along  ADy  heat  absorbed  = 
€p^AD<p^  =  Cdr ;  along  ABy  heat  absorbed  =  g)^AB(p^  =  xll^  = 
the  heat  of  vaporization ; 

along  5 J?,  zero  ; 

"     DE,  ip.DEcp,  =^xH,  +  d  (xff;) ; 
hence  we  have 

Cdr  -{-xHe  +  d  {xB,)  +  0  -  xH,  =  ADEB,  or, 

Cdr  +  d  {xH,)  =  ADEB  =  oiyvdp  ==  xH,-^ ; 

.'.  Cdr  +  d  {xH,)  -  o;/?,^  =  0  ; 

.\Cdr^rd(^^^)=0', 

.'.^C^  =  d(^f^ 


(c) 


Integrating 


°  r,         r  r, 


(<0 


which  is  a  well-known  equation  of  the  adiabatic  of  liquid  and  its 

vapor  mixed. 

Draw  an  isothermal,  iiT,  one  degree  lower  than  that  of  A  C, 

Cdr 
then  will  the  horizontally  shaded  part  AbaZ  be and  the 

xll 
obliquely  shaded  part  ABML  be  — -,  which  terms  appear  in 

equation  (<*). 
45 
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to  be  employed  for  highest  "  duty/'  and  this  corresponds  within 
limits  of  errors  of  observation  precisely  with  the  actual  adjust- 
ment of  the  engine  at  its  trial,  on  which  occasion  the  ''  world's 
record  was  broken  for  the  time."  It  may  be  fairly  presumed 
that  the  result  is  substantially  correct.  This  gives  a  point  of 
actual  cut-off,  0.06  x  0.813  =  0.04878,  as  best  when  seeking 
maximum  duty. 

The  computed  and  the  actual,  as  found  on  trial,  thus  compare 
as  follows : 

Cut-off  for  maximum  "  duty  "  as  computed 0.04878 

Same  as  actually  observed. when  breaking  the  world's  record 0.04798 

They  are  practically  identical,  the  ratio  of  expansion  being 
thus,  20.8. 

Seeking  maximum  financial  efficiency,  we  lay  off,  at  the  left  of 
the  axis  of  F,  a  division  on  the  upper  back-pressure  line  measur- 
ing 0.025,  taking  the  full  length  of  the  efficiency  diagram  as 
unity.  Drawing  a  tangent  to  the  real  curve  of  efficiency  from 
this  point,  the  point  of  tangency  is  found  at  that  point  of  which 
the  ordinate  measures  0.13.  Here  the  condensation  waste 
amounts  to  0.095,  and  the  amount  of  steam  uncondensed  is 
0.905  of  that  introduced,  giving  the  point  of  cut-off  in  the  real 
case  as  0.13  x  0.905  =  0.11765,  corresponding  to  a  real  ratio 
of  expansion  less  than  nine. 

The  deduction  immediately  follows  that,  in  this  case,  the  pro- 
portions of  engine  giving  the  required  work  for  the  least  total 
annual  operating  expenses  would  be  smaller  than  those  actually 
adopted  and  actually  giving  highest  "  duty,"  in  the  proportion 
indicated  by  this  considerable  difference  between  the  actual  and 
the  computed  ratios  of  expansion.  It  would  seem  that  a  com- 
pound engine  would,  in  such  a  case,  prove  more  economical,  on 
the  whole,  than  a  triple  expansion,  and  this  deduction  is  con- 
firmed by  observing  that  the  best  ratio  of  expansion  is  one 
which  would  suit  best  a  compound  engine,  and  that  the  mean 
effective  pressure  in  the  low-pressure  cylinder,  also,  is  but  a- 
trifle  higher  than  the  mean  resistance  due  back  pressure  and 
friction  of  engine.  It  is  also  confirmed  by  experiences  of  build- 
ers of  pumping  engines. 

It  would  thus  seem  evident  that,  in  cases  such  as  that  above 
studied,  the  demand,  on  the  part  of  a  city  water-works  depart- 
ment,  for  a  steam  engine   that  should  give   maximum   duty,. 
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simply,  is  an  error.  What  is  required,  as  a  matter  of  business, 
is  that  an  engine  shall  be  supplied  that  shall  be  proportioned  in 
such  manner  as  to  give  the  required  work  at  minimum  total 
annual  operating  costs,  including  all  expenses  that  find  their 
way,  on  account  of  the  steam  plant,  into  the  treasurer's  books. 
It  is  now  to  be  seen  that  considerable  losses  may  be  incurred 
by  purchasing  an  engine  of  proportions  giving  maximum 
"  duty,'*  in  the  usual  sense  of  that  term.  The  saving  of  /uel 
thus  insured  may  prove  to  be  an  expensive  operation. 

In  the  above  instance,  the  fuel  actually  used,  the  cost  of  which 
is  given,  is  comparatively  expensive,  anthracite  having  been 
employed  in  deference  to  the  sentiment  existing  in  favor  of  set- 
ting an  example  at  the  city  steam  plant  of  smokeless  combus- 
tion ;  but  a  fuel  could  be  obtained  to  do  the  same  work  at  a 
much  lower  cost,  making  the  best  steam  distribution  for  ulti- 
mate economy  still  further  removed  from  that  adopted  in  a 
triple-expansion  engine,  and  making  the  compound  engine  still 
more  desirable.  The  gain  is  also  to  be  noted  in  tbe  cost  of  the 
compound,  as  measured  per  cubic  foot  of  its  cylinder. 

The  total  possible  gain  by  the  substitution  of  the  plans  of  a 
simpler  engine  for  those  of  the  more  complex  thus  involves  : 

(1)  The  reduced  cost  of  supply,  even  with  an  engine,  of  sim- 
ilar type,  proportioned  for  less  expansion. 

(2)  The  economy  secured  by  the  construction  of  a  simpler 
type  of  engine. 

(3)  Possible  economy  with  a  cheaper  fuel. 

By  a  similar  process  the  relative  value  of  the  various  types 
of  engine,  as  well  as  their  best  individual  adjustments  of  steam 
distribution,  may  be  ascertained,  once  the  location  and  form  of 
their  actual  "  curves  of  efficiency  '*  are  determined.  The  method 
is  to  first  identify  the  best  cut-off  and  ratio  of  expansion  for 
each,  and  then  to  compare  their  costs  of  power,  one  with 
another  ;  finally  selecting  that  type  and  size  of  machine,  as  thus 
finally  determined,  which  will  pay  the  largest  dividends  upon 
the  total  capitalized  costs  of  supplying  the  required  amount  of 
power.  In  illustration,  in  the  accompanying  figure,  let  the 
curves  of  efficiency  be  found  and  laid  down,  as  indicated  on  the 
diagram ;  the  ratios  of  woYk  done  to  costs  of  its  performance  as 
measured  by  the  tangents  of  the  angles  at  0'  or  0",  will  be  the 
measures  of  the  relative  values  of  the  machines  ;  since  that 
machine  which,  at  its  best  adjustment  and  steam  distribution. 
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will  exhibit  the  lowest  ratio  of  costs  to  power  delivered  to  the 
machinery  of  transmission  is  the  best  from  the  point  of  view  of 
the  purchaser. 
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In  the  diagram  (Fig.  207)  let  the  curves  A,  J?,  C,  Z>,  E, 
respectively,  represent  the  curves  of  efficiency  found  for  each 
type  of  engine,  as  indicated  by  the  attached  legend,  and  let  the 
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total  back  pressures,  as  reckoned  by  Tate  and  by  Bankine,  be 
indicated  by  the  ordinates  of  the  lines  0"Xy"  OX/"  and  let  the 
subscripts  of  0,  as  marked  below  and  at  the  left  of  that  letter, 
identify  the  respective  measures  of  those  costs  which  are  vari- 
able with  size  of  engine,  in  their  order,  from  simple  to  triple 
expansion,  inclusive ;  then  the  tangents  drawn  from  the  proper 
points,  on  either  back-pressure  line  as  thus  identified,  to  the 
proper  curve,  will  indicate  just  what  proportion  of  the  steam 
taken  in  at  full  stroke,  or  per  cubic  foot  of  cylinder,  should  be 
admitted  to  insure  the  most  economical  use  of  steam  from  the 
treasurer's  standpoint. 

Here,  as  in  the  preceding  case,  the  ordinates  are  shorter  than 
those  of  the  ideal  curve,  which  forms  the  upper  limit,  by  the 
amount  of  cylinder  condensation,  clearance  waste,  and  leakage, 
and  of  radiation  and  conduction  observed  or  computed  for  the 
engines  considered.  These  losses  can  now  be  estimated,  usu- 
ally, with  a  fairly  close  approximation  to  accuracy  for  the  bet- 
ter classes  of  engine  ;  many  useful  experimental  data  are  also 
now  available,  and  the  latter  are  coming  in  in  increasing  quan- 
tity, fullness,  and  accuracy. 

Mr.  Brinsmade  of  Sibley  College  has  discussed  the  effect  of 
internal  wastes  on  the  proper  ratio  of  expansion,  thus : 

In  this  derivation  it  was  assumed  that  the  expansion  was  ac- 
cording to  the  law  of  an  equilateral  hyperbola,  or  that  P  V  was 
a  constant  quantity.  It  is  also  assumed  that  the  loss  by  radia- 
tion, cylinder  condensation,  etc,  is  a  constant  quantity  for  all 
cut-offs  between  the  same  range  of  pressure.  This  latter  as- 
sumption introduces  a  slight  error  into  the  work,  as  in  the 
later  cut-offs  the  extra  surface  exposed  tends  to  increase  the 
initial  condensation.  But  as  the  larger  portion  of  the  initial 
condensing  surface  is  made  up  of  the  area  of  the  piston  sur- 
face and  cylinder  head,  this  increase  would  by  no  means  be 
proportional  to  the  increase  in  the  cut-off  volume.  If,  however, 
a  more  exact  determination  is  desired,  this  approximate  calcula- 
tion will  serve  as  a  trial  value,  to  obtain  a  more  exact  idea  of 
this  cylinder  loss.  Then  by  solving  again  with  this  new  value, 
almost  all  error  can  be  eliminated.* 

The  accompanying  Fig.  208  shows  the  diagram  used  in  the 
deduction  of  this  formula. 


♦  See  Thurston's  Manual  of  the  Steam  Engine,  vol.  i.,  §§  129,  130,  especially 
p.  522. 
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By  the  law  of  the  equilateral  hyperbola, 

Pr=P,Fi  =  P^r^  =  iSr on  cutve (a) 

and  PV  =  P,F,C  =  P,V^  =  P,r^  =  El  on  curve   .     .     (J). 

Let  area  ABDE-  a'. 
OCDK :-  a". 
CFEG  =  a'". 
Then  the  percentage  of  the  work  utilized  by  the  cycle  ABGFE^ 
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Fig.  208. 


as  compared  to  that  of  the  free  expansion  diagram  ABDE^  as* 
suming  the  loss  by  clearance  volume,  cylinder  condensation^ 
and  external  radiation  equal  to  J?,  will  e()ual 

a  —  a''  —  a"  —  7? 


a'  =  f*'  YdP  =  P,V,r  {  '  </P  P  -  7^  !'/■  log  P./P, 
a"=  r^  VdP  =   l\Vn  f''r/P/P-P,r,ClogP,  7V 
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Now  P,  =  P,  r,C/V, ; 

.  •.    a"  ^PxV^C  log  P,  F,  C/Pi  Fj  =  P,  F,  Clog  C=KC  log  C ; 

a'"  =  F,(P,  -  P.)  =  F,  (Pj  V,C/V,  -  P,)  =  P,  F,C  -  PF, 
=  ir(C-l); 

a'-(a"-a")-^  _  KC\og  PJPt  -  KCXog  C  +  K{C  -1)-  ;? 
a!  ~  KV\o%Pj¥i 

To  simplify,  make  A'log  P-^/P^  =  F\ 

CF-  KC\og  C  +  Ki,C-  1)  -R 

_  0{F+  K)  -  KClog  C-K-n 
CF  ' 

dx  de 

jrc{(P-K)-K-K  loK  C  }■  -  i?  -i  C(V-  K)-KC\ogO-K-R  } 

Solving  for  a  maximum  by  making  this  quantity  equal  to 
zero, 

C=  (K  +  B)/K=  {/\V,  +  B)/F,V, ; 

where  C  is  the  ratio  between  the  new  cut-oflf  volume  and  the 
cut-off  volume  when  the  steam  expands  to  the  back-pressure 
line,  and  equal,  in  the  figure,  to  AB/AH. 

Prof.  B.  C.  Carpenter. — In  connection  with  the  short  paper  by 
Mr.  Mansfield,  I  desire  to  call  attention  to  the  results  of  the 
tests  of  the  experimental  engine  at  Sibley  College,  which  are 
given  in  the  Transactions  of  the  Society  in  vol.  xvi,  page  913, 
and  also  to  a  test  given  in  vol.  xiv.,  page  426.  In  both  papers 
referred  to,  curves  are  shown  of  tests  of  compound  engines 
running  with  different  loads,  and  consequently  with  different 
numbers  of  expansions.  One  engine  was  a  compound-con- 
densing engine,  with  automatic  cut-off,  running  265  revolutions, 
112  pounds  of  steam  pressure,  and  22  inches  of  vacuum;  this 
shows  the  most  economical  results  with  9J  expansions.  The 
other  engine  to  which  reference  is  made  was  a  Corliss  engine 
with  110  pounds  of  steam,  22  inches  of  vacuum ;  the  results 
show  highest  economy  with  about  15  expansions  when  un- 
jacketed  and  20  expansions  jacketed^  and  the  variation  of  econ- 
omy with  change  in  number  of  expansions  is  very  sensible,  and 
indicates  that  the  magnitude  of  the  load  has  much  to  do  with  the 
economy. 
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Reference  can  also  be  made  tq  topical  discussion,  714-133, 
Mr.  E.  J.  Armstrong. 

The  following  diagrams  show  the  results  of  tests  made  on  the 
Sibley  College  experimental  engine  (Figs.  209,  210,  211) : 
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Mr.  A.  K.  Mansfidd,* — I  am  glad  to  have  called  out  this  valu« 
able  discussion  by  Dr.  Thurston.  It  contains  important  prac- 
tical matter,  especially  that  part  relating  to  idtimaie  money 
economy  as  agaiust  ultimate  steam  or  coal  economy.  This  is 
not  a  new  subject,  but  has  needed  to  be  applied  to  multiple- 
expansion  work,  and  in  fact  finds  there  its  most  useful  appli- 
cation. 

It  is  rather  startling  to  learn  that  8.^  expansions  is  to  be  pre- 
ferred to  that  number  (21)  which  gave  such  fine  economy  of  steam 
in  case  of  the  Milwaukee  pumping  engine.  Admitting  the  sub- 
stantial correctness  of  Dr.  Thurston's  calculations,  it  may  well 
be  doubted  whether  triple  or  quadruple  expansion  can  any 
longer  be  justified. 

Designers  of  high-grade  plants  are  now  enabled,  and  hereafter 
should  be  required,  to  figure  according  to  this  new  light. t 

It  should  be  noted  that  the  Milwaukee  engine  runs  at  excep- 
tionally low  piston  speed  (204  feet).  Engines  of  this  size  for 
most  purposes  are  speeded  three  to  four  times  as  fast  as  this. 

*  Author's  closure,  under  the  Rules. 

f  The  engineer  who  designed  the  plant  of  the  Chicago  City  Railway  Company 
installed  simple  non-condensing  engines  (see  controverny  in  Street  Railway/  Jour- 
nal for  May  and  June,  1897)  on  a  simitar  iheory  to  this,  but  clearly  reduced  the 
number  of  expansions  of  steam  used  far  below  the  required  limit. 
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Dr.  Thurston  suggests  that  a  manufacturer  '^  may  be  able  to 
determine  just  what  his  engines  give  as  the  best  terminal  figures, 
and  thus  obtain  a  standard  for  his  own  practice."  This  is  true, 
but  it  must  be  done  from  experiment,  and,  when  done,  constitutes 
an  answer  to  the  question  of  my  paper. 

Owing  to  the  influence  of  clearance  per  cent.,  amount  of  com- 
pression, point  of  release,  piston  speed,  or  number  of  revolu- 
tions, quickness  of  cut-off^  jacket  or  no  jacket,  reheater  or  not, 
per  cent,  of  moisture  in  steam,  size  of  engine,  etc ,  etc.,  a  large 
number  of  careful  tests  is  essential  to  establish  reliable  data 
from  which  constants  may  be  derived  which  will  enable  our 
theories  to  be  successfully  applied. 

In  the  tests  cited  by  Professor  Carpenter  some  or  many  of 
the  above-named  influences  may  have  brought  about  their  in- 
teresting result,  namely,  that  9^  expansions  produced  the  best 
economy  in  our  case;  while  in  the  other  case,  under  similar  con- 
ditions, fifteen  expansions  were  required. 

An  analysis  of  the  reasons  would  be  of  interest 
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Dccxxvm.* 
ADIABATICS. 

BT  DK  VOLSON  WOOD,t  HOBOKBN,  N.   J. 

(Member  of  the  Society.) 

While  the  principles  upon  which  the  following  solutions  are 
founded  are  well  known,  the  particular  applications  are  new  so 
far  as  known  to  the  writer.     The  principles  referred  to  are  : 

a.  In  any  engine  in  which  the  law  of  pressures  and  volumes  of  the 
working  fluid  ore  represents  on  a  diagram  of  energy  by  a  dosed 


path,  the  difference  of  the  heats  absorbed  and  emitted  equals  the  area 
of  i/ie  card  all  expressed  in  the  same  units. 

(The  card  of  an  actual  engine  rarely,  if  ever,  represents  this 
law  exactly,  on  account  of  imperfections  in  the  mechanism, 
hence  the  card  for  our  use  will  be  ideal) 

6.  During  adiahatic  expansion  no  heat  is  absorbed  or  emitted  by 
the  ivorking  fluid. 

Construct  an  ideal  indicator  card  one  side  of  which  shall  be  an 
adiabatic  and  the  other  sides  thermal  lines  of  known  properties. 

A.  To  find  the  adiabatic  of  a  perfect  gas.      In  Fig.  212  let  AB 

*  Presented  at  the  Hartford   meetiog  (May,  1897)  of  the  American  Society 

of  Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Traiisactiana, 

f  This  paper  was  revised  by  its  author  before  his  sudden  death  in  June,  1897, 

but  the  discQssion  could  not  be  sent  to  him.     It  therefore  had  to  be  published 

witliout  the  author's  closure  usual  in  the  Society's  praciice. Secretary. 
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be  the  adiabatic,  AD  &n.  isothermal,  BC  a  line  of   constant 
volume,  V,  the  volume  at  -4,  v,  at  B  or  C,  t;,  at  B. 

First  work  along  AC\  thence  along  CJ?,  thence  along  the 
adiabatic  BA,  As  is  well  known,  the  heat  absorbed  along  the 
,  isothermal  AC  equals  the  work  v^ACv^ ;  that  along  CB  will  be 
Cp  multiplied  by  the  fall  of  temperature,  where  C^  denotes  spe- 
cific heat  at  constant  volume  in  foot-pounds.  No  heat  will  be 
absorbed  in  working  along  the  adiabatic  BA.  Let  the  tempera- 
ture at  B  be  dr  lower  than  that  at  A  ;  then  heat  absorbed  along 
AG  -  along  CB  -  along  BA^  ACB  ;  or, 

v.ACv,  -  (^^  (  _  rfr)  +  0  =  ACB; 

.'.  v.ACv,  --  ACB^-  C4r  =  0 ; 

.-.  v.ABv  =  —  Cr>dr  ; 

or,  pdv  =  —  Cpdr (a) 

The  left  member  cannot  be  integrated,  so  another  equation 
must  be  established.  Next,  working  from  A  to  D,  where  D  is 
on  a  horizontal  through  5,  we  have, 

heat  abs.  along  AD  —  along  DB  —  along  BA  =  ADB,  or» 

v.ADv,  ~  Q,  (  -  dr)  -  0  =  ADB; 

.\  OADH-  ADB  +  Cj^r  =  0 ; 

,'.HOAB^=^  -  C^dr  ; 

.\v{-  dp)  =  —  Cpdr  ; 

or,  vdp  =  Cpdr (6) 

Equations  (a)  and  (6)  give 

,-  =  >f  =y  =  a  constant, 
pdv       Cj, 

The  further  solution  proceeds  as  usual. 

B,  Adiabatics  of  saturated  vapor.  Let  FN  in  Fig.  213  be  the 
curve  of  saturation,  then  AC  ^  v^  will  represent  the  volume  of  a 
pound  of  dry  saturated  vapor.  Let  J  ^  be  the  irth  part  of 
a  pound  of  the  vapor,  (1  —  a?)  ^(7  =  BC  being  liquid,  and  EBq)^ 
be  the  adiabatic  sought.  Let  state  D  \^  dx  higher  in  tem- 
perature than  Ay  then 

pressure  AD  —  (;/)  ^^* 
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Construct  an  indicator  card  one  side  of  which  is  the  adiabatic 
EBy  the  two  sides  DE  and  AB  isothermals  of  a  liquid  and  its 
-vapor,  and  AD  the  constant  volume  of  the  liquid,  then,  as  before, 
heat  absorbed  along  AD  -f  along  DE  +  along  EB  —  along  BA  = 
area  ADEB. 


Vog) 


Fie.  218. 

Draw  adiabatics  Ag)„  D<p^  then  along  AD,  heat  absorbed  = 
qt^ADqt^  =  Cdx;  along  AB,  heat  absorbed  =  q)^ABq>,  =  xll,  — 
the  heat  of  vaporization ; 

along  5  JF,  zero ; 

"     DE,  cp,DEcp,  =  xH,  +  d  (xS.) ; 
hence  we  have 

Cdr  +  xH,  +  d  (xH,)  +  0  -  xli,  =  ADEB,  or. 


dr 


Cdr  +  d  {xH,)  =  ADEB  =  xv.dp  =  xE, 
.:  Cdr  +  d  {xH,)  -  xll,^  =  0 ; 
.:Cdr  +  rd(^^^=0; 

,._(^J  =  d[^)    .     .     . 


Integrating 


xH, 


«/4 


(e) 


(^ 


which  is  a  well-known  equation  of  the  adiabatic  of  liquid  and  its 
vapor  mixed. 
Draw  an  isothermal,  LN,  one  degree  lower  than  that  of  A  (7, 

then  will  the  horizontally  shaded  part  AbaZ  be  — —  and  the 

obliquely  shaded  part  ABML  be  — *,  which  terms  appear  in 
equation  (r). 
45 
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Mr,  George  Richmond. — I  would  like  to  point  out  that  these 
results,  which  are  interesting  and  important,  can  also  be  ob- 
tained without  the  use  of  the  calculus.  The  first  two  statements 
in  the  paper  describe  the  well-known  indicator  diagram.  Its 
area  represents,  as  we  know,  the  missing  heat  expressed  in  units 
of  work.  Now,  the  question  is  whether  this  is  not  more  con- 
veniently represented  by  a  heat  diagram  in  which  the  missing 
heat  appears  in  heat  units  of  equivalent  value  to  the  work  area 
of  the  indicator  diagram.  We  cannot  devise  a  mechanism  to 
record  the  heat  changes,  but  we  can  very  readily  construct  such 
a  diagram  from  the  physical  properties  of  the  substance  under 
consideration. 

Take,  for  example,  water  at,  say,  212  degrees.  On  the  appli- 
cation of  heat  the  tempera- 
ture rises ;  if  the  ordinate  at 

1  (Fig.  214)  represents  the 
absolute  initial  temperature 
and  travels  forward  in  such 
a  manner  as  to  sweep  out  an 
area  proportional  to  the  heat 
applied,  its  extremity  will 
trace  a  curved  line,  1,  2,  rep- 
resenting the  rise  in  temper- 
ature.   If  at  the  temperature 

2  vaporization  commences, 
the  temperature  will  remain 
stationary  and  the  area  rep- 
resenting the  latent  heat  will 
be  swept  out  by  an  ordinate 
of  constant  length,  the  ex- 
tremity of  which  traces  the  horizontal  line  2,  3.  Since  the 
rectangle  represents  the  latent  heat,  and  one  side  of  it  the  abso- 
lute temperature,  the  other  side  must  represent  the  quantity  ^ 

From  3  to  4  the  temperature  drops  without  addition  or  ab- 
straction of  heat  by  the  process  of  adiabatic  expansion.  Finally 
the  untransformable  heat  is  rejected  into  the  condenser  repre- 
sented by  the  area  swept  out  by  the  ordinate  in  passing  back- 
wards  from  4  to  1.     The  area  1,  2,  3,  4,  represents  in  heat  units 


Fig.  214. 
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the  missing  heat  and  is,  of  course,  an  area  exactly  equivalent  to 
the  work  area  of  the  ideal  indicator  diagram. 

Returning  to  the  subject  under  discussion,  it  will  be  noticed 
that  adiabatics  are  represented  on  this  diagram  by  straight  lines 
parallel  to  one  of  the  axes,  and  their  equations  are,  therefore,  of 
the  simplest  possible  form,  being  merely  a  statement  of  the 
criterion  of  parallelism. 

We  may  even,  if  unfamiliar  with  coordinate  geometry,  fall  back 
on  the  geometrical  criterion  that  parallel  lines  are  everywhere 
equidistant.  We  can  pass  from  the  point  1  to  the  adiabatic 
3,  4,  by  vaporizing,  *say,  x^  of  a  pound  of  water  at  temperature 

1 ;  then  the  line  1,  4  =  a?i  y^.     Or,  we  may  first-raise  the  tem- 

perature  of  the  pound  of  water  to  2,  and  then,  by  vaporizing,  say, 

Xi  per  cent.,  pass  to  3  ;  then  the  line  2,  3  =  o^a  -^.    The  distance 

travelled  forward  is  in  each  case  the  same ;  or. 

The  only  quantity  unknown  is  the  distance  1  to  5  travelled  while 
the  temperature  is  rising  from  1  to  2.  The  heat  imparted  is  pro- 
portional to  the  rise  in  temperature,  and  the  curve  traced  from 

T 

1  to  2  is  a  logarithmic  curve,  hence  1  to  5  =  log  e  ^.     Substituting 

this  value,  we  have 

which  is  the  equation  to  the  adiabatic 
(d)  of  Professor  Wood.     The  values  of 

^  and  log  e  T  are  now  to  be  found  in  all 

modem  tables,  and  all  the  usual  prob- 
lems of  practical  thermodynamics  can 
be  solved  with  the  greatest  ease  by  con- 
struction. 

The  equation  to  the  adiabatic  for  per- 
fect gases  can  be  written  down  at  sight  in 
the  same  manner.  The  passage  from  one 
adiabatic  to  another  may  take  place  .on 
any  path  or  combination  of  paths;  it  is  Fig.  2:5. 


^ 

jm 

1 
1 
1 
1 
1 

1 

1 

i 

t 

696  ADUBATIOS. 

only  necessary  to  consider  the  variables  we  wish  to  introduce. 
If  we  wish  to  express  the  equation  to  the  adiabatic  in  terms  of 
the  pressure  and  volume,  for  instance,  we  may  suppose  the 
change  to  be  effected  first  by  adding  heat  at  constant  volume 
and  then  at  constant  pressure. 

am  +  nm  =  an  =^  constant  (see  Fig.  216), 
which  is  the  equation  to  the  adiabatic.     It  remains  only  to  ex- 
press am  and  mn  in  terms  of  P  and  V. 
Referring  to  the  relation 

PV=RT, 
we  see  that  in  travelling  from  a  to  rw,  the  pressure  being  constant, 
the  change  in- temperature  is  proportional  to  the  change  in 
volume ;  so  that 

am  =  C^  log  e  -j^- 

From  m  to  n  the  pressure  being  constant,  the  change  in  tem- 
perature is  proportional  to  the  change  in  column ;  or, 

Y 
mn  =  Cp  log  e  -^ ; 

hence  am  equation  becomes 

P  V 

^r  log  ^  -^  -^  Cp  loge  -j^  =  constant, 

which  can  be  readily  put  into  any  of  the  usual  forms. 

While  the  importance  of  mathematical  knowledge  is  not  to 
be  underrated,  the  prevailing  opinion  that  problems  of  thermo- 
dynamics cannot  be  intelligently  handled  without  the  use  of 
higher  mathematics  is  not  founded  on  fact.  There  is  absolutely 
no  need  of  introducing  the  calculus  into  any  thermodynamic 
question  that  an  engineer  meets  with  in  practice.  A  few  hours, 
intelligent  study  will  place  the  matter  as  much  at  his  command 
as  are  the  rules  of  arithmetic. 

Mr.  Wm,  Kent — ^I  would  like  to  have  Mr.  Richmond,  if  he 
will,  state  more  plainly  what  are  the  abscissas  in  these  dia- 
grams.    Do  they  represent  entropy  or  work  ? 

Mr.  Richmond. — The  abscissas  represent  entropy.  I  avoided 
the  use  of  the  word  because,  while  the  thing  itself  is  most  sim- 
ple, the  word  seems  to  be  associated  with  a  certain  difficulty,  if 
not  mystery.     The  other  coordinate  is,  of  course,  temperature. 

Mr.  lieni. — I  understand  Mr.  Richmond's  explanation  of  en^ 
tropy  to  be  that  it  is  simply  a  mathematical  expression  for  the 
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quotient  obtained  by  dividing  the  work  by  the  absolute  tempera- 
ture. I  hope  he  will  write  out  in  complete  form  a  little  treatise 
about  this  subject,  and  put  it  into  our  Transactions^  with  the 
title  "  Thermodynamics  Without  the  Calculus." 

Mr,  George  I.  Rockwood. — I  don't  wish  to  be  considered  frivo- 
lous ;  but  I  must  confess  I  need  more  light  on  adiabatics  than 
is  contained  in  text-books.  Mr.  Eichmond  will  confer  a  favor . 
on  the  world  of  steam  engineers  at  large  if  he  will  tell  just  why 
we  should  be  so  profoundly  interested  as  we  seem  to  be  in 
adiabatics. 

It  is  admitted  on  all  sides  that  no  gas  ever  expanded  adia- 
batically,  or  ever  will — steam  least  of  all — and  the  deductions 
arising  from  the  analysis  of  adiabatic  curves  are  wholly  inap- 
plicable to  any  known  case  of  a  gas  or  a  heat  engine. 

Has  the  study  of  adiabatic  curves  ever  given  to  the  world  a 
new  heat  engine  or  an  important  modification  of  existing  heat 
engines  ?  I  think  I  am  right  in  saying  that  all  such  improve- 
ments have  originated  in  the  minds  of  those  who  could  not 
claim  to  know  much  about  these  curves. 

Now,  I  wish  to  know  what  heat  engine  is  going  to  be  devised 
in  the  future,  to  which  this  mathematical  investigation  which 
has  been  introduced  by  very  eminent  writers  is  tending.  Per- 
haps the  prophetic  eye  of  the  mathematician  may  discern  what 
use  it  subserves. 

If  it  can  ever  be  expected  to  lighten  up  the  real  facts  concern- 
ing the  nature  of  heat,  then  its  further  prosecution  may  be  justi- 
fiable. 

The  President. — I  think  Mr.  Bichmond  has  a  good  invitation 
to  write  a  paper  on  this  subject,  to  be  presented  at  the  next 
meeting.  I  have  often  noticed  that  when  a  question  is  up  for 
consideration  which  involves  the  calculus,  most  of  us  look  very 
wise  and  dissent  from  the  statement.     (Laughter.) 

Mr.  Kent, — I  would  like  to  ask  if  this  system  is  the  same  as 
McFarland  Gray's  ? 

Mr.  Bichmond. — Yes ;  it  is  what  is  known  as  the  temperature- 
entropy  diagram.  It  is  very  largely  used  in  Europe,  and  I  am 
unable  to  understand  why  we  are  so  slow  in  adopting  it  here. 

3Ir.  Kent, — I  will  tell  you  why.  Because  you  have  not  yet 
written  your  treatise.  I  heard  McFarland  Gray  read  his  paper 
in  1889,  and  I  don't  think  there  were  five  men  in  the  room  that 
understood  it.     You  were  one  of  them,  probably. 
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Mr.  Richmond, — Mr.  Gray  used  this  method  in  connection 
with  his  paper,  the  subject  of  which  was  rather  abstruse.  He 
has  on  this  and  many  other  occasions  endeavored  to  popularize 
it,  the  best  results  of  which  are  probably  to  be  found  in  the 
well-known  reports  of  the  late  Mr.  Williams. 

The  contention  is  that,  although  the  results  of  thermody- 
namics were  originally  obtained  as  mathematical  deductions,  we 
are  at  present  entitled  to  the  intelligent  use  of  them  on  the 
easiest  terms  procurable. 

Mr,  Bocktvood. — Mr.  President,  may  I  supplement  my  ques- 
tion by  asking  Mr.  Bichmond  to  dwell  particularly  upon  the 
nature  of  heat  and  upon  the  nature  of  entropy,  because  therein 
he  will  do  a  great  service  for  steam  engineers  ?  Mr.  Kent  was 
not  so  simple  in  his  question  as  he  seemed,*  as  shown  by  hia 
subsequent  answer,  that  Mr.  Bichmond  considered  entropy 
a  mathematical  fiction.  Now,  a  mathematical  equation  does 
not  convey  anything  to  a  mathematical  or  unmathematical 
mind,  except  as  something  to  be  dealt  with,  and  every  steam 
engineer  will  certainly  then  want  to  know  what  the  relation  of 
heat  to  temperature  is. 

'  Mr,  Kent, — I  hope  Mr.  Bichmond  will  not  say  anything  in 
his  paper  about  the  nature  of  heat.  I  think  it  was  Maxwell  or 
Stewart  said :  "  What  heat  is,  we  don't  know."  We  don't  know, 
and  we  are  not  going  to  know.  There  is  no  such  thing  as 
entropy. 

Mr.  Rockwood. — Let  Mr.  Bichmond  write  his  paper. 

Mr.  Bichmond.— li  you  represent  a  known  quantity  as  the 
product  of  two  factors  one  of  which  is  also  known,  the  concep- 
tion of  the  other  factor  is  not  very  difficult,  under  whatever 
name  it  may  be  known. 

Mr.  Bocktvood. — A  conception  has  no  arms,  legs,  body,  or 
heart.  What  we  want  to  know  is  all  the  features  of  this 
conception. 

Prof.  Albert  Kingsbury. — The  speaker  has  said  that  we  can 
get  a  complete  grasp  of  this  in  an  hour  or  an  hour  and  a  half. 
My  experience  with  the  calculus  has  been  that  it  is  much  bet- 
ter to  spend  time  in  learning  it  than  trying  to  do  work  with- 
out it.  I  think  that  if  the  thermodynamic  principles  can  be 
learned  in  an  hour  and  a  half,  the  calculus  can  all  be  learned 
in  about  twenty-five  minutes  ;  and  it  is  useful  for  many  things 
besides  thermodynamics. 
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DCCXXIX.* 

TESTS  TO  SHOW  THE  INFLUENCE  OF  MOISTURE 
IN  STEAM  ON  THE  ECONOMY  OF  A  STEAM  TUR- 
BINE. 

BT  D.  S.  JACOBUS,  HOBOKBN,  N.  J. 

(Member  of  the  Society.) 

There  has  been  an  impression  in  the  minds  of  some  engineers 
that  the  presence  of  a  small  amount  of  moisture  in  the  steam 
used  by  a  steam  turbine  might  tend  to  improve  the  efficiency 
by  increasing  the  density  of  the  jets  of  steam  that  impinge 
against  the  buckets  of  the  wheel.  This  would  not  follow  from 
the  theory  of  the  steam  turbine  if  the  friction  of  the  turbine 
and  of  the  steam  in  the  passages,  and  other  losses,  are  not 
included,  but  as  these  form  a  large  factor  in  the  economy, 
and  must  be  taken  account  of  in  any  theoretiqal  discussion  of 
the  effect  of  moisture,  the  problem  becomes  complicated,  and  it 
is  difficult  to  predict,  from  theory,  what  the  exact  effect  will  be. 

Tests  were  therefore  undertaken,  in  which  the  amount  of 
moisture  in  the  steam  was  accurately  determined,  by  starting 
with  dry  steam  and  condensing  a  portion  of  the  same  in  the 
steam  main  leading  to  the  turbine.  The  heat  required  to  con- 
dense the  steam,  so  as  to  form  the  moisture,  was  determined, 
and  from  this  heat  the  weight  of  moisture  was  calculated.  The 
power  developed  by  the  turbine  was  measured  by  means  of  a 
Prony  brake.  The  total  amount  of  water  consumed  by  the  tur- 
bine was  measured  by  condensing  the  exhaust  in  a  surface  con- 
denser, and  from  this  total  amount  the  moisture  in  the  steam 
^  on  entering  the  turbine  was  deducted  to  obtain  the  weight  of 
dry  steam  used  by  the  turbine. 

The  conclusions  arrived  at  are : 

First — The  average  dry  steam  consumption,  or  the  total 
water  consumption,  less  the  weight  of  entrained  water  in  the 
steam  entering  the  turbine,  was  about  the  same  for  either  dry 
or  wet  steam. 

♦Presented  at  the  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Trantactions. 
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Second, — This  may  only  hold  for  wheels  of  a  similar  type  run- 
ning under  similar  conditions. 

The  pressure  of  steam  in  the  tests  was  about  95  pounds  per 
square  inch  above  the  atmosphere.  The  turbine  wheel  was 
SJ  inches  in  diameter,  and  ran  at  about  10,200  revolutions  per 
minute. 

At  145^  brake  horse-power  the  dry-steam  consumption  was 
about  68j  pounds  per  hour  per  horse-power,  with  either  dry 
steam  or  steam  containing  moisture. 

The  weight  of  dry  steam  per  hour  per  brake  horse-power,  in 
comparative  tests,  is  given  in  Table  I. 


TABLE   I. 

Steam  Consumption  per  Hour  per  Horsb-Powsr  for  a  Steam  Tubbine 
WITH  Dry  and  Wet  Steam. 


Tests 

WITH  Dry  Steam. 

Tests  with  Wet  Steam. 
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Average 

14.52 

68.6 

14.31 

! 

68.7 

There  were  sixteen  jets  of  steam  impinging  on  the  turbine 
wheel.  These  were  in  groups  of  four  each,  and  the  governor 
was  arranged  so  that  it  cut  off  the  steam  from  one  or  more  of 
the  four  groups  of  jets.  Each  jet  had  a  width  of  one-eighth  of 
an  inch,  measured  in  a  vertical  direction  to  the  plane  of  rotation 
of  the  turbine  wheel.     The  smallest  cross-section  of  each  jet 


INFLUENCE  OF  MOISTUBE  IN  STEAM   ON  A  STTEAM  TUBBINE.       701 

was  about  0.009  square  inch,  and  the  largest  0.015  square  inch. 
The  jets  issued  at  an  angle  of  67  degrees  to  the  radius  of  the  wheeL 

The  turbine  wheel  was  of  steel.  It  was  8f  inches  in  diameter, 
and  was  geared  so  that  the  driving  shaft  ran  at  one-ninth  of  the 
speed  of  the  wheel.  The  Prony  brake  was  placed  on  the  driving 
shaft.  There  were  forty-six  buckets  in  the  turbine  wheel  The 
width  of  the  passages  in  the  wheel,  measured  at  right  angles  to 
the  plane  of  rotation,  was  three-sixteenths  of  an  inch.  The  area 
of  the  cross-section  of  the  passages  in  the  wheel  was  about  0.032 
square  inch.  The  angles  made  by  lines  tangent  to  the  two  sides 
of  a  bucket  in  the  wheel  with  a  radius  passing  through  the 
bucket  averaged  52  degrees  on  the  inside  of  the  wheel  and 
69  degrees  on  the  outside. 

The  devices  employed  for  condensing  a  portion  of  the  steam 
in  the  pipe  leading  to  the  steam  turbine  are  shown  in  Figs.  216 
and  217.  The  device  shown  in  Fig.  216  was  employed  for  the 
tests  when  there  was  a  small  percentage  of  moisture,  and  that 
shown  in  Fig.  217  for  the  tests  when  the  percentage  of  moisture 
was  made  greater. 

The  steam  from  the  boiler  first  passed  through  a  separator 
(not  shown  in  the  iigures),  and  from  the  separator  entered  the 
pipe  marked  A  in  Figs.  216  and  217.  In  Fig.  216  cold  water 
entered  the  pipe  C,  and  flowed  through  the  pipe  JE!7^,  which  was 
enclosed  in  the  steam  space  in  the  vertical  pipe  M,  The  half- 
inch  pipe  EF  passed  through  two  stuffing-boxes  0  and  H. 
The  water  flowing  through  the  pipe  FF  was  heated,  and  con- 
densed a  portion  of  the  steam.  The  amount  that  the  water  was 
heated  was  measured  by  means  of  two  thermometers,  /  and 
J,  placed  in  mercury  wells.  The  weight  of  water  circulated 
through  the  pipe  FF  was  determined  by  collecting  it  in  a  large 
tank  placed  on  a  pair  of  platform  scales. 

The  arrangement  of  piping  shown  in  Fig.  216  was  used  in  tests 
Nos.  7, 11,  and  13.  The  pipe  M  and  the  pipe  FF  were  made 
longer  in  tests  Nos.  11  and  13  than  in  No.  7,  so  as  to  increase  the 
amount  of  steam  condensed. 

Tests  Nos.  15,  17,  and  18  were  made  with  the  arrangement 
shown  in  Fig.  217.  The  vertical  pipe  M  shown  in  Fig.  216  was 
dispensed  with,  and  a  horizontal  length  of  two-inch  pipe  was 
used  for  condensing  a  portion  of  the  steam,  in  place  of  the  ver- 
tical length  of  half-inch  pipe.  The  horizontal  two-inch  pipe  was 
placed  inside  of  the  four  inch  pipe  FF,  and  is  shown  by  dotted 
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lines  itt  Fig.  217.  The  inlet  water  passed  through  the  half-inch 
pipe  iV,  and  the  exit  water  passed  out  through  the  half-inch 
pipe  Jf,  The  pipes  N  and  M  passed  through  the  stuffing- 
boxes  H  and  G.  The  temperature  of  the  water  was  measured 
by  means  of  the  thermometers  J  and  IT, 

The  total  amount  of  steam  entering  the  turbine,  together  with 
the  entrained  water  in  the  same,  was  measured  by  condensing 
the  exhaust  of  the  turbine  in  a  surface  condenser. 
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Fig.  216. 


In  the  tests  with  dry  steam  no  water  was  circulated  through 
the  cooling  pipes,  and  the  steam  was  found  to  be  dry  by  means 
of  the  Barrus  calorimeter,  marked  L  in  Figs.  216  and  217,  or  to 
contain  less  than  one-fifth  of  one  per  cent,  of  moisture,  which 
is  considered  as  dry  steam  in  the  present  investigation. 

The  tests  with  wet  and  dry  steam  were  made  alternately,  so 
as  to  eliminate  errors  due  to  any  possible  change  in  the  turbine. 

The  piping  shown  in  Figs.  216  and  217  was  coated  with  hair- 


INFLUENCE  OF   MOISTURE  IN  STEAM  ON  A  STEAM  TURBINE. 


703 


felt.  The  exhaust  pipe  leading  from  the  turbine  was  of  a  large 
diameter,  and  the  back-pressure  of  the  exhaust  steam  was  prac- 
tically that  of  the  atmosphere. 

The  Prony  brake  consisted  of  two  hemp  ropes,  passed  around 
a  pulley  about  twelve  inches  in  diameter,  in  which  were  fastened 
to  flanges  so  as  to  form  a  hollow  rim.  The  ropes  made  a  full 
turn  about  the  pulley,  and  were  fastened  to  a  wooden  frame, 
which  rested  on  a  pair  of  platform  scales  in  the  same  way  as  is 
represented  in  Fig.  234,  which  accompanied  my  discussion  of  a 


Drj  Steam 
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Fig.  217. 


paper  by  Professor  Goss  on  "  New  Forms  of  Friction  Brakes,"  * 
presented  to  the  Society  about  two  years  ago.  It  was  found 
necessary  to  play  water  on  the  outside  of  the  brake-wheel,  to  pre- 
vent the  ropes  from  burning,  as  well  as  to  keep  water  on  the  inte- 
rior of  the  rim.  At  first  great  difficulty  was  experienced  in  mak- 
ing the  Prony  brake  work  uniformly  under  the  severe  conditions, 
but  all  difficulty  was  eliminated  when  it  was  found  that  a  cake  of 
ordinary  soap,  held  against  the  face  of  the  wheel  when  running, 
would  cause  the  brake  to  work  smoothly. 

The  results  of  the  tests  in  detail  are  given  in  Table  11.  Table 
UL  gives  data  and  calculations  of  the  amount  of  moisture  con- 
tained in  the  steam  entering  the  turbine. 

*  Transactions  A.  S.  M.  E.,  vol.  xvi.,  page  820. 
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TABLE  II. 
Tests  op  a  Stbam  Tubbinb  with  Dry  and  with  Wbt  Steam. 
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96.0 

182.0 

92.7 

182.0 

91.6 

132.0 

95.0 

182.0 

93.0 

118.5 

93.2 

116.5 

98.6 

116.5 

94.9 

116.5 

94.0 

116.5 

92.9 

62.07 
64.12 
60.15 
64.83 
62.75 
68.83 
64.00 
60.00 
68.66 
59.90 
68.82 
68.82 
68.70 
68.63 

68.54 
62.98 
68.53 
63.45 
63.25 


1,160.0 
1,122.9 
1,197.0 
1,110.6 
1,147.4 
1,128.0 
1,126.0 
1,200.0 
1,181.0 
1.202.0 
1,128.2 
1,137.1 
1.180.3 
1.131.5 

1,133.1 
1,143.2 
1,133.3 
1.134.7 
1.138.3 


I 


9.66 
14.15 

6.05 
19.18 
13.88 
16.94 
15  08 

6.24 
15.17 

6.25 
15.13 
15.25 
15.16 
15.17 j 

13  64 
18.58 
13.41 
13.43  1 
18.47 


8jiS 


Per 
Hoar. 


973.5 

404.2 
1.257.0 

892.0 
1,157.0 
1,086.1 

410  7 
1,028.9 

882.2 
1,014.8 
1,081.0 
1,058.3 
1,091.1 

906  1 
918  6 
948.6 
934.0 
920.2 


Per  Hoar 
per  Horse- 
power. 


10 


70.4 
68.8 
80.0 
65.5 
64.5 
68.8 
68.7 
78.4 
67.5 
72.8 
67.1 
67.6 
69.8 
71.9 

66.4 
67.6 
70.7 
69.5 
68.8 


60 

60 

60 

10 

60 

60 

60 

40- 

85 

25 

60 

60 

45 


60 
60 
25 
50 
40 


Colnmn  7  =  1,900  x  60  -•>  Oolamn  6. 
Colamn   8  =  Column  4  x  Colnmn  7  x  0.0001016. 
Colnmn  10  =;  Column  9  -•>  Colnmn  8. 

Revolations  of  turbine  wheel  per  minute  =  Colamn  6x9,  because  the  geifk-  reduces  in  the  ratio 
of  9  to  1. 
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TABLE  III. 

Data  and  Calculation  op  Percentage  op  Moisture  in  the  Tests  with 

Wet  Steam. 


7 
8 
11 
18 
15 
17 
18 


o  i  «  § 

O  OB  U  O* 

(Sis  I 


94.6 
92.0 
92.7 
95.0 
93.2 
94.9 
94.0 


2^ 


455.0 

940.5 

607.0 

780.7 

1,699.0 

1,476.0 

1,787.2 


Temperature  of  Cool- 
ing Water,  in  De- 
grees Pahr. 


Initial. 
4 


57.2 

56.2 

50.1- 

49.9 

35.7 

86.0 

36.0 


Pinal. 


188.3 
95.8 
122.8 
111.7 
142.2 
150.3 
189.2 


o  s 


2gSg 


s  S  fc<     *-»? ' 


1.075.5 
453.0 
1,065.0 
1.109.7 
1.110.9 
1,140.6 
1,143.9 


6 


1,086.1 
410.7 
1.014.8 
1.058.8 
905.1 
948.6 
984.0 


Colamn  6  =  Column  8  (Colonm  5  —  Column  4)  -4- latent  lieat  of  one  pound  of  steam  at  pressure 
given  in  Column  3. 

Column  8  =  Column  7  -  Column  6  =  Column  9,  Table  H.  Column  9  =  Column  6  x  100  -<- 
Column  7. 
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DCCXXX.* 

THE  EFFECT  OF  ALTERNATE  POSITIVE  AND  NEGA- 
TIVE STRESSES  ON  IRON  AND  STEEL. 

BT  THOMAS  ORAT,  TBRRE  HAUTK,  IND. 

(Member  of  the  Society.) 

The  experiments  of  Wohler  and  others  have  demonstrated 
the  importance  of  distinguishing  between  the  strength  of  a 
structure  against  a  steady  application  of  load  in  one  direction 
and  the  strength  against  repeated  applications  of  load  in  oppo- 
site directions.  It  occurred  to  me  a  year  or  two  ago  that  some 
interesting  information  might  be  obtained  from  a  series  of  auto- 
graphic diagrams  taken  from  successive  tests  of  a  piece  of  iron 
or  steel  when  the  load  was  applied  alternately  in  opposite 
directions. 

Some  preliminary  experiments  were  made  on  test  pieces  of 
cast  iron,  wrought  iron,  and  mild  steel,  the  results  of  which 
form  the  subject  of  this  note.  In  th§se  experiments  the  speci- 
mens were  subjected  to  direct  tension  and  compression  alter- 
nately, and  one  of  the  principal  reasons  why  the  investigation 
has  not  advanced  beyond  the  preliminary  stage  is  the  incon- 
venience of  the  ordinary  testing  machine  for  such  work.  The 
specimen  has  to  be  removed  from  the  machine  and  replaced  in 
a  different  position  between  each  pair  of  tests.  This  requires 
some  time  and  a  readjustment  of  the  autographic  apparatus,  and 
hence  the  passage  from  positive  to  negative  stress  is  not  so  con- 
tinuous as  seems  desirable.  Some  alterations  on  the  testing 
machine  are  now  being  made,  and  I  hope  at  a  future  meeting  of 
the  Society  to  be  able  to  give  a  more  valuable  contribution  on 
this  subject. 

The  results  which  these  preliminary  experiments  have  given 
will  probably  be  most  easily  stated  by  reference  to  the  sample 
diagrams,  Figs.  218-22 1.  The  diagrams  were  obtained  by  means 
of  the  autographic  apparatus  described  at  the  San  Francisco 

*  Presented  at  the  Hartford  meeting  (May»  1897)  of  the  American  Society  of 
Mechanical  Engineers,  and  formiug  part  of  Volume  XVIII.  of  the  TransaetionM. 
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meeting  of  the  Society  and  published  in  the  Transactions^  vol. 
xiii.,  p.  633.  Figs.  218-220  refer  to  a  specimen  of  cast  iron  the 
total  length  of  which,  for  the  tests  given  in  Fig.  218,  was  27 
inches.  One  inch  at  each  end  was  2.5  inches  in  diameter,  and 
the  remainder  was  turned  down  to  a  uniform  diameter  of  2 
inches.  Tension  was  applied  by  pulling  on  the  shoulders  of  the 
thick  ends,  and  compression  was  applied  by  pressure  directly  on 
the  flat  ends.  The  diagram  shows  the  relation  of  the  change  of 
length  to  the  applied  force  for  the  middle  15  inches  of  the  speci- 
men. The  scales  are  arbitrary.  Distances  in  inches,  measured 
from  the  origin  in  the  direction  A  Ay  when  multiplied  by  7,485 
give  the  actual  force  applied  to  the  specimen.  Forces  meas- 
ured to  the  left  of  the  origin  represent  tensions,  and  measured  to 
the  right  pressures.  Change  of  length  is  indicated  by  distances 
from  the  line  A  A  measured  parallel  to  BB.  The  inches  marked 
on  the  diagram  divided  by  189  give  the  actual  change  of  length 
on  the  15  inches  under  observation.  The  order  of  the  experi- 
ment may  be  followed  on  the  diagram.  Beginning  at  the  origin, 
elongation  takes  place  to  a.  The  load  being  gradually  removed, 
the  specimen  returns  practically  to  its  original  length.  The 
next  experiment  gives  compression  to  6,  return  along  the  lower 
line  to  zero  stress  and  then  to  elongation  at  e,  return  along  the 
upper  line  through  zero  stress  and  then  to  compression  ending 
at  dy  and  so  on  through  e^/y  y,  A,  and  back  to  zero  stress.  It 
will  be  observed  that  in  the  first  application  of  stress,  amount- 
ing to  about  3,000  pounds  on  the  square  inch  in  tension,  the 
specimen  was  not  sensibly  changed  in  length.  There  is  no  indi- 
cation of  want  of  perfect  elasticity  beyond  a  slight  thickening 
of  the  line  in  the  central  portion  indicating  the  ordinary  vis- 
cous action.  It  is  quite  common,  however,  to  find  that  much 
smaller  intensities  of  stress  will  cause  permanent  set  in  cast 
iron.  Some  specimens  of  cast  iron  seem  to  bear  out  Hodgkin- 
son's  statement,  that  no  load  can  be  applied  which  does  not 
produce  set.  When  a  load  has  once  been  applied,  a  repetition 
of  a  smaller  load  in  the  same  direction  does  not  greatly  affect 
the  length.  If,  however,  the  load  be  reversed  in  direction,  the 
line  of  the  diagram  is  quite  markedly  curved  from  the  start. 
Any  elastic  limit  to  stress  which  the  material  may  possess  is 
thus  entirely  eliminated  by  applying  opposite  stresses  sufficient 
to  produce  a  very  slight  permanent  set.  Not  only  is  the  elas- 
ticity destroyed,  but  the  initial  direction  of  the  line  from  the 
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position  of  zero  stress  is  changed.  The  Young's  modulus  of 
elasticity  (determined,  say,  by  applying  a  moderate  stress  and 
removing  it  once  or  twice,  at  the  same  time  measuring  the 
change  of  length)  is  diminished.  This  is  yery  clearly  shown  in 
Fig.  218,  the  axis  of  the  diagram  becoming  steeper  with  each 
successive  alternation  and  increase  of  stress.  There  is  not, 
properly*  speaking,  any  definite  modulus  of  elasticity  for  cast 
iron,  because  the  rate  of  change  of  length  (or  of  other  distor- 
tion) with  change  of  load  depends  both  on  the  amount  of  the 
load  and  on  the  direction  of  the  change  of  stress.     This  will  be  , 

at  once  appreciated  by  observing  the  closed  loops  in  the  dia-  j 

grams,  Figs.  2 1 9  and  220 — these  loops  representing  the  relief  and  i 

reapplication  of  the  stress.     That  such  loops  are  obtained  from  \ 

cyclic  changes  of  stress  in  cast  iron  and  many  other  materials  [ 

has  been  known  for  many  years,  but  the  great  effect  which  t^y 
have  on  the  apparent  elastic  constants  does  not  seem  to  be 
always  appreciated. 

The  diagram,  Fig.  219,  was  obtained  from  a  part  of  the  same 
specimen  used  for  the  tests  recorded  in  Fig.  218.  The  test  piece 
was  8  inches  long  and  1.5  inches  diameter.  The  force  and 
elongation  constants  are  the  same  as  in  Fig.  218.  In  this  case  the  • 
load  was  three  times  slowly  removed  so  as  to  show  the  curves 
of  application  and  relief  of  load  nearly  free  from  permanent  set. 
It  will  be  noticed  that  the  lines  joining  the  extremities  of  the 
loops  are  not  parallel;  and  that  the  departure  from  parallelism 
is  not  entirely  accounted  for  by  the  curvature  of  the  sides  of 
the  loops.  There  is  quite  a  considerable  diminution  of  the 
elastic  constants,  apparently  due  to  the  permanent  set.  This 
is  much  more  than  would  be  accounted  for  by  change  of  section. 
A  similar  change  will  be  referred  to  when  discussing  the  be- 
havior of  steel,  in  which  case  it  is  only  temporary.  Whether 
the  modulus  of  elasticity  of  cast  iron  changes  with  time  after 
permanent  deformation  has  not  yet  been  determined.  The 
diagram  shows  the  test  to  fracture  and  indicates  a  tensile 
strength  of  a  little  over  15,000  pounds  per  square  inch.  The 
specimen  was  a  gray  cast  iron,  somewhat  coarse  grained  and 
porous. 

The  diagram.  Fig.  220,  was  obtained  from  a  specimen  taken 
from  the  other  end  of  the  same  piece.  The  specimen  was  6 
inches  long,  2  inches  diameter  at  the  ends,  and  the  middle  three 
inches  turned  down  to  a  square-inch  section.     The  test  was  on 
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position  of  zero  stress  is  changed.  The  Young's  modulus  of 
elasticity  (determined,  say,  by  applying  a  moderate  stress  and 
removing  it  once  or  twice,  at  the  same  time  measuring  the 
change  of  length)  is  diminished.  This  is  yery  clearly  shown  in 
Fig.  218,  the  axis  of  the  diagram  becoming  steeper  with  each 
successive  alternation  and  increase  of  stress.  There  is  not, 
properly*  speaking,  any  definite  modulus  of  elasticity  for  cast 
iron,  because  the  rate  of  change  of  length  (or  of  other  distor- 
tion) with  change  of  load  depends  both  on  the  amount  of  the 
load  and  on  the  direction  of  the  change  of  stress.  This  will  be 
at  once  appreciated  by  observing  the  closed  loops  in  the  dia- 
grams, Figs.  219  and  220 — these  loops  representing  the  relief  and 
reapplication  of  the  stress.  That  such  loops  are  obtained  from 
cyclic  changes  of  stress  in  cast  iron  and  many  other  materials 
has  been  known  for  many  years,  but  the  great  effect  which  t^y 
have  on  the  apparent  elastic  constants  does  not  seem  to  be 
always  appreciated. 

The  diagram.  Fig.  219,  was  obtained  from  a  part  of  the  same 
specimen  used  for  the  tests  recorded  in  Fig.  218.  The  test  piece 
was  8  inches  long  and  1.5  inches  diameter.  The  force  and 
elongation  constants  are  the  same  as  in  Fig.  218.  In  this  case  the 
load  was  three  times  slowly  removed  so  as  to  show  the  curves 
of  application  and  relief  of  load  nearly  free  from  permanent  set 
It  will  be  noticed  that  the  lines  joining  the  extremities  of  the 
loops  are  not  parallel;  and  that  the  departure  from  parallelism 
is  not  entirely  accounted  for  by  the  curvature  of  the  sides  of 
the  loops.  There  is  quite  a  considerable  diminution  of  the 
elastic  constants,  apparently  due  to  the  permanent  set.  This 
is  much  more  than  would  be  accounted  for  by  change  of  section. 
A  similar  change  will  be  referred  to  when  discussing  the  be> 
havior  of  steel,  in  which  case  it  is  only  temporary.  Whether 
the  modulus  of  elasticity  of  cast  iron  changes  with  time  after 
permanent  deformation  has  not  yet  been  determined.  The 
diagram  shows  the  test  to  fracture  and  indicates  a  tensile 
strength  of  a  little  over  15,000  pounds  per  square  inch.  The 
specimen  was  a  gray  cast  iron,  somewhat  coarse  grained  and 
porous. 

The  diagram,  Fig.  220,  was  obtained  from  a  specimen  taken 
from  the  other  end  of  the  same  piece.  The  specimen  was  6 
inches  long,  2  inches  diameter  at  the  ends,  and  the  middle  three 
inches  turned  down  to  a  square-inch  section.     The  test  was  on 
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the  middle  three  inches  under  compression.  The  test  did  not 
extend  quite  to  fracture,  as  the  specimen  became  badly  bent ; 
but  a  test  on  a  short  piece  of  the  same  iron  showed  that  very 
nearly  the  breaking  load  had  been  applied.  The  scale  for 
forces,  measured  downwards,  is  in  this  12,770  pounds  per  inch, 
which,  since  the  cross-section  was  one  square  inch,  gives  the 
intensity  of  stress.  The  elongation  measured  to  the  right  was 
magnified  forty  times. 

The  results  obtained  from  experiments  on  iron  and  steel  were 
similar  to  each  other.  One  series  is  illustrated  in  Fig.  221. 
This  specimen  was  cut  from  a  bar  of  soft  steel  If  inches  diameter ; 
the  part  under  test  was  3  inches  long  and  1 J  inches  diameter.  The 
ends  were  left  long  enough  to  enable  the  tension  tests  to  be 
made  by  means  of  the  ordinary  V  grips  supplied  with  the  Eiehle 
testing  machine.  The  compression  tests  were  made  by  applying 
pressure  directly  to  the  ends  of  the  bar.  The  arrangement  here 
described  is  unsatisfactory,  and  in  a  contiDuation  of  the  experi- 
ments will  be  modified.  Referring  to  the  figure,  the  first  test 
consisted  in  applying  pressure  up  to  the  yield  point  at  a.  A 
slight  compression,  about  tj^q  of  an  inch,  was  here  produced. 
The  load  was  then  allowed  to  diminish  slowly  to  zero  and  the 
specimen  put  in  position  for  tension.  The  tension  was  also 
carried  to  the  yield  point  and  a  small  elongation  produced,  as 
shown  in  the  diagram  between  b  and  c.  The  load  was  then  re- 
duced to  zero  and  compression  again  applied.  The  pen  now 
passes  round  a  smooth  curve  to  rf,  no  definite  yield  point  being 
visible.  The  load  is  again  reduced  to  zero  and  tension  again 
applied,  the  pen  again  giving  a  smooth  curve  to  e,  after  which 
the  load  was  reduced  to  zero. 

The  scale  for  forces  on  this  diagram  was  7,485  pounds  to  the 
inch,  and  the  elongation  was  magnified  one  hundred  and  eighty- 
nine  times.  The  first  compression  line  on  the  diagram  is  nearly 
straight  but  slightly  convex,  and  its  slope  is  such  as  to  indicate 
a  modulus  of  elasticity  of  about  29,500,000  pounds  per  square 
inch.  This  is  about  the  normal  value  for  the  steel.  When  we 
come  to  the  first  tension  line,  however,  we  find  that  the  mod- 
ulus is  much  smaller,  with  perhaps  the  exception  of  the  very 
beginning  of  the  line.  The  tracing  is  slightly  in  error,  as  the 
original  is  a  little  more  curved.  The  yield  point  at  h  is  ap- 
proached by  a  round  curve,  but  the  effect  of  the  slight  perma- 
nent set  at  a  is  comparatively  small.  The  effect  of  the  perma- 
46 
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nent  elongation  represented  by  be  on  the  nexi;  compression 
curve  is  very  great.  Instead  of  obtaining  almost  a  straight  line 
from  zero  stress  to  a  definite  yield  point,  the  material  seems 
to  have  almost  entirely  lost  its  usual  elastic  properties,  and 
behaves  now  very  much  like  a  piece  of  cast  iron.  The  same  is 
the  case  with  regard  to  the  second  application  of  tension,  and 
the  same  thing  is  repeated  no  matter  how  many  cycles  are  gone 
over.  It  appears,  however,  that  a  moderate  permanent  set  is 
necessary  before  this  peculiar  inelastic  condition  is  produced, 
and  the  investigation  of  .the  effect  of  a  large  number  of  appli- 
cations of  stress,  no  one  of  which  reaches  the  yield  point  stress 
for  the  material  in  its  original  state,  has  yet  to  be  made. 

The  change  in  the  modulus  of  elasticity  for  extension  which 
is  apparently  produced  by  compression  is  to  some  extent  re- 
tained after  the  material  has  been  permanently  elongated.  It 
has  been  observed,  however,  that,  in  ordinary  testing,  if  the  load 
is  relieved  after  the  material  has  been  stretched  beyond  the 
yield  point  the  curve  for  the  relief  of  load  is  steeper  than  the 
curve  previously  obtained  in  the  same  test  for  the  application 
of  the  load.  If,  however,  the  specimen  be  allowed  to  rest  for  a 
day  or  two  and  again  tested  for  elastic  modulus,  it  will  be  found 
to  have  recovered  its  original  elastic  constant  The  lowering  of 
the  modulus  is  thus  found  to  be  temporary,  and  its  recovery 
with  time  adds  one  more  to  the  curious  effects  of  rest  after 
deformation. 

[Note. — This  paper  received  discasBion  jointly  with  the  otiier  paper  by  the 
same  author,  entitled  :  "  The  Yield  Point  of  Iron  and  Steel."  The  discussion  on 
it  is  published  at  the  end  of  that  paper,  which  is  numbered  DCCXXXI.,  and  will 
he  found  at  page  714  of  the  present  volume. — Secretary.] 


THE   YIELD   POINT   OF  IRON  AND  STEEL.  711 


DCCXXXI.* 
THE  YIELD  POINT  OF  IRON  AND  STEEL. 

BT  THOMAS  GRAY,  TERRS  HAUTK,  IND. 

(Member  of  the  Society.) 

Under  this  heading  I  propose  to  describe  the  diagrams  of  a 
few  tests,  all  of  which  have  some  bearing  on  the  peculiar  behav- 
ior of  iron  and  steel  as  they  pass  through  the  "  yield  point." 
The  paper  is  mainly  illustrative  of  the  kind  of  results  which 
have  been  obtained  with  the  autographic  apparatus  described  in 
Volume  XTTT,  of  the  Society's  proceedings.  Frequent  inquiries 
which  I  have  received  from  members  of  the  Society  and  others 
have  led  me  to  believe  that  a  few  such  sample  diagrams  would 
be  interesting. 

Fig.  222  illustrates  tests  made  on  two  specimens  of  the  same 
bar  iron.  The  first  tests,  marked  A  and  B^  have  the  elongations 
magnified  forty  times,  and  illustrate  the  fluctuations  of  strength 
as  the  elongation  is  carried  through  the  yield-point  notch,  and 
incidentally  the  almost  perfect  elasticity  of  this  sample  of  iron 
for  stresses  below  the  yield  point.  The  tests  marked  A  and  B' 
were  made  on  the  same  specimens  about  six  weeks  later.  In 
these  tests  double  records  were  taken,  one  of  which  magnifies 
the  elongation  337  times  and  the  other  3  times.  These  tests 
illustrate  the  great  increase  in  strength  to  the  yield  point,  due 
to  rest  between  the  tests,  and  also  the  interesting  feature,  which 
appears  also  in  all  the  other  diagrams — namely,  that  there  is 
again  almost  as  decided  a  yield-point  notch  in  the  curve  as  there 
was  in  the  first  test.  One  other  interesting  feature  of  this  test 
is  the  difference  between  the  curves  A'  and  B'.  It  was  dis- 
covered, before  proceeding  with  the  second  tests,  that  one  of 
the  specimens  had  a  crack  extending  apparently  about  an  eighth 
of  an  inch  into  one  side.  As  will  be  seen  from  the  record,  this 
had  practically  no  effect  on  the  modulus  of  elasticity,  but  re- 
duced the  strength  a  little  at  the  yield  point  and  considerably  at 

*  Presented  at  the  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Transactions, 
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rupture.  The  most  marked  effect,  however,  was  on  the  total 
elongation  before  rupture,  local  stretching  setting  in  at  thia 
point  much  earlier  than  it  did  in  the  other  specimen.  The 
departure  from  perfect  elasticity  is  better  shown  by  higher 
magnification,  but  the  apparent  smoothness  of  the  yield-point 
elongation  is  due  to  there  being  only  a  small  part  of  the  notch 
included  in  these  curves. 

The  curves  in  Fig.  223  illustrate  a  series  of  tests  on  a  bar  of 
iron  similar  to  that  used  for  the  tests  illustrated  in  Fig.  222.  The 
tests  were  made  at  intervals  as  indicated  by  the  dates  marked 
in  the  curves.  The  elongation  was  not  in  any  case  carried  past 
the  yield-point  notch,  and  the  specimen  was  finally  broken  with- 
out increase  of  strength  above  the  yield  point.  Continuous  tests 
to  rupture  showed  this  iron  to  have  a  strength  of  from  50,000 
to  53,000  pounds  per  square  inch,  while  the  strength  of  this 
particular  specimen  went  up  to  55,900.  The  yield  point  was 
thus  raised  above  the  ordinary  total  strength  of  the  iron.  The 
total  elongation  was  reduced  from  29  per  cent,  to  145  per  cent., 
and  probably  could  have  been  reduced  much  more  by  prop- 
erly arranging  the  successive  elongations  and  periods  of  rest. 
When  proper  allowance  is  made  for  change  of  section  the  mod- 
ulus of  elasticity  remains  nearly  constant  in  this  case.  As  a 
general  rule,  however,  in  such  tests  the  first  two  or  three 
elongations  slightly  diminish  the  modulus,  while  subsequent 
elongations  increase  it. 

Fig.  224  illustrates  a  series  of  tests  on  a  specimen  of  Bessemer 
steel.  The  results  are  similar  to  those  for  the  specimen  of 
wrought  iron  described  under  Fig.  223,  with  the  exception  that 
greater  elongations  in  the  first  two  tests  bring  up  the  strength 
rapidly,  while  subsequent  tests  show  little  increase  of  strength. 
This  has  been  found  to  be  the  case  in  a  number  of  tests.  The 
increase  of  strength  with  rest  seems  to  take  place  most  rapidly 
if  the  elongation  is  carried,  at  each  experiment,  to  the  top  of  the 
yield-point  notch  in  the  diagram.  The  amount  of  increase  of 
strength  to  the  yield  point  with  a  given  period  of  rest  is  appar- 
ently roughly  proportional  to  the  amount  of  permanent  elonga- 
tion along  the  yield-point  notch,  but  no  great  advantage,  if  any, 
is  obtained  by  going  beyond  it. 

The  curves  in  Fig.  225  illustrate  tests  on  two  specimens  cut 
from  the  same  bar  of  steel.  The  curves  A  and  A'  give  the  dou- 
ble record  for  a  continuous  test,  the  data  for  which  are  marked 
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rupture.  The  most  marked  effect,  however,  was  on  the  total 
elongation  before  rupture,  local  stretching  setting  in  at  this 
point  much  earlier  than  it  did  in  the  other  specimen.  The 
departure  from  perfect  elasticity  is  better  shown  by  higher 
magnification,  but  the  apparent  smoothness  of  the  yield-point 
elongation  is  due  to  there  being  only  a  small  part  of  the  notch 
included  in  these  curves. 

The  curves  in  Fig.  223  illustrate  a  series  of  tests  on  a  bar  of 
iron  similar  to  that  used  for  the  tests  illustrated  in  Fig.  222.  The 
tests  were  made  at  intervals  as  indicated  by  the  dates  marked 
in  the  curves.  The  elongation  was  not  in  any  case  carried  past 
the  yield-point  notch,  and  the  specimen  was  finally  broken  with- 
out increase  of  strength  above  the  yield  point.  Continuous  testa 
to  rupture  showed  this  iron  to  have  a  strength  of  from  50,000 
to  53,000  pounds  per  square  inch,  while  the  strength  of  this 
particular  specimen  went  up  to  55,900.  The  yield  point  was 
thus  raised  above  the  ordinary  total  strength  of  the  iron.  The 
total  elongation  was  reduced  from  29  per  cent,  to  145  per  cent.^ 
and  probably  could  have  been  reduced  much  more  by  prop- 
erly arranging  the  successive  elongations  and  periods  of  rest. 
When  proper  allowance  is  made  for  change  of  section  the  mod- 
ulus of  elasticity  remains  nearly  constant  in  this  case.  As  a 
general  rule,  however,  in  such  tests  the  first  two  or  three 
elongations  slightly  diminish  the  modulus,  while  subsequent 
elongations  increase  it. 

Fig.  224  illustrates  a  series  of  tests  on  a  specimen  of  Bessemer 
steel.  The  results  are  similar  to  those  for  the  specimen  of 
wrought  iron  described  under  Fig.  223,  with  the  exception  that 
greater  elongations  in  the  first  two  tests  bring  up  the  strength 
rapidly,  while  subsequent  tests  show  little  increase  of  strength. 
This  has  been  found  to  be  the  case  in  a  number  of  tests.  The 
increase  of  strength  with  rest  seems  to  take  place  most  rapidly 
if  the  elongation  is  carried,  at  each  experiment,  to  the  top  of  the 
yield-point  notch  in  the  diagram.  The  amount  of  increase  of 
strength  to  the  yield  point  with  a  given  period  of  rest  is  appar- 
ently roughly  proportional  to  the  amount  of  permanent  elonga- 
tion along  the  yield- point  notch,  but  no  great  advantage,  if  any, 
is  obtained  by  going  beyond  it. 

The  curves  in  Fig.  225  illustrate  tests  on  two  specimens  cut 
from  the  same  bar  of  steel.  The  curves  A  and  A'  give  the  dou- 
ble record  for  a  continuous  test,  the  data  for  which  are  marked 
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on  the  diagram.  The  steel  is  very  soft  and  shows  considera- 
ble departure  from  perfect  elasticity  before  the  yield  point  is 
reached.  Curve  B  shows  the  yield-point  curve  with  the  elon- 
gation magnified  forty  times,  the  load  being  added  very  slowly, 
as  indicated  by  the  figures  which  give  the  time  in  minutes  from 
the  beginning  of  the  tesi  The  first  elongation  was  carried  to 
the  point  a  on  the  curve  B^'  or  considerably  beyond  the  yield 
point.  After  a  rest  of  17  hours,  the  specimen  remaining  in  the 
machine,  it  was  stretched  to  6,  and  then  allowed  to  rest  for  24 
hours,  after  which  it  was  stretched  to  c,  and  again  allowed  to  rest 
for  24  hours,  when  it  was  broken.  The  total  strength  was  con- 
siderably increased  by  this  operation,  but  the  elongation  was 
reduced  fully  one-half.  The  beginnings  of  the  yield-point 
curves  on  the  forty  magnification  are  shown  in  the  diagpram,  but 
are  not  continued  through.  All  of  the  elongations  except  the  last 
were  made  very  slowly.  It  would  appear  from  this  experiment 
that  comparatively  little  time  is  necessary  to  raise  the  yield 
point  up  to  the  limit  of  strength  of  the  material  or  to  temper 
the  specimen  almost  to  the  condition  of  hardened  steel  for  uni- 
directional stress.  The  application  of  stress  beyond  the  yield 
point  in  the  opposite  direction,  at  once  destroys  the  effect  of  this 
tempering,^  but  whether  the  material  can  have  its  original 
power  of  elongation  restored  I  am  not  yet  able  to  say. 

The  diagram.  Fig.  226,  was  taken  from  a  flat  specimen  of  struc- 
tural steel  plate.  The  specimen  was  one-half  inch  thick  by  two 
inches  wide.  The  curves  are  given  to  illustrate  the  wide  di- 
vergence in  the  character  of  yield-point  curves.  In  a  large 
number  of  cases  the  yield-point  part  of  the  curve  begins  some- 
what sharply,  and  is  followed  by  a  retrograde  movement  of  the 
pen,  showing  a  loss  of  strength,  after  which  the  curve  is  very 
irregular,  indicating  successive  increases  and  diminutions  of 
strength.  Very  commonly  there  is  a  sharp  diminution  of 
strength  just  before  the  notch  is  passed.  It  is  not  at  all  un- 
common, however,  in  the  harder  steels  to  find  scarcely  any  yield- 
point  notch,  and  curves  approaching  that  of  Fig.  226,  which  may 
be  taken  as  the  other  extreme,  may  frequently  be  found.  The 
variable  character  of  the  initial  stage  of  this  part  of  the  diagram 
of  tests  makes  it  somewhat  difficult  to  define  what  is  to  be 
taken  as  the  yield  point,  and  hence  is  likely  to  lead  to  disputes 
as  to  the  fulfilment  of  specifications. 

*  Se«  Report  of  Tests  at  Watertown  Arsenal. 
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The  general  character  of  the  jagged  line  forming  the  yield- 
point  notch  may  be  greatly  modified  by  the  form  of  the  speci- 
men. Take,  for  example,  a  specimen  having  the  same  cross- 
section  throughout,  or  having  the  cross-section  on  the  test  part 
the  same  as  that  for  a  short  distance  outside  of  it.  Then  the 
part  outside  the  test  may  stretch  and  lose  strength,  while  the 
test  part  remains  of  the  same  length.  This  gives  rise  to  an 
apparent  loss  of  strength  without  elongation,  and  hence  produces 
a  very  sharp  retrograde  movement  of  the  recording  pen  in  an 
autographic  apparatus.  It  is  not  unusual  to  find  the  pen  travel 
back  some  distance  on  the  same  line  it  came  forward  on,  and 
then  to  move  straight  up,  showing  elongation  to  be  produced  on 
the  test  piece  with  less  force  than  had  previously  been  applied. 
This  seems  to  indicate  that  when  the  material  breaks  down  at 
one  place,  which  may  be  outside  the  test  length,  the  process  of 
collapse  travels  along  the  specimen.  Very  slow  application  of 
the  load,  extending  in  some  cases  over  several  hours,  has  been 
tried  with  the  object  of  determining  whether  under  these  cir- 
cumstances the  irregular  character  of  the  curve  at  the  yield 
point  would  disappear.  The  results  so  far  obtained  have  led  to 
practically  nothing  beyond  perhaps  an  indication  in  the  direc- 
tion of  less  irregularity.  The  irregularities  are  certainly  not 
eliminated.  If  it  were  possible  to  test  the  same  specimen  sev- 
eral times  and  at  different  rates  of  loading,  definite  results  might 
be  quickly  reached.  In  the  actual  case,  however,  separate 
specimens  have  to  be  used  for  the  different  tests,  and  these,  even 
if  all  are  tested  in  precisely  the  same  way,  do  not  give  similar 
curves.  It  becomes  necessary,  then,  to  work  from  averages,  and 
generally  these  are  unsatisfactory  because  of  the  small  number 
of  specimens  which  can  be  obtained  from  one  bar  and  the  varia- 
tion of  the  quality  of  the  bar  from  point  to  point  along  its  length. 
Why  such  a  notch  should  exist  at  all  and  why  it  should  repeat 
itself  after  each  successive  rest  between  tests,  are  very  interest- 
ing problems  in  molecular  dynamics. 

DISCUSSION. 

Prof,  Charles  H,  Benjamin. — The  diagrams  which  accompany 
this  paper  are  of  special  interest,  since  many  of  them  are  drawn 
on  such  a  magnified  scale  as  to  show  clearly  the  elastic  condition 
of  the  material  before  reaching  the  yield  point. 

The  magnified  curve  in  Fig.  226  shows  a  peculiarity  which  I 
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have  often  noticed  in  structural  steels  and,  to  a  certain  extent,  in 
all  steels— t.^.,  a  variation  in  the  elasticity  long  before  the  so- 
called  elastic  limit  was  reached,  making  it  difficult  to  locate  the 
yield  point  or  to  assign  any  definite  value  for  E, 

I  have  noted  the  same  peculiarity  in  both  tensile  and  trans- 
verse tests  of  cast  iron. 

I  would  like  to  inquire  how  the  value  of  E  given  for  Fig.  'J26 
was  calculated — that  is,  what  point  in  the  curve  was  assumed  for 
this  purpose. 

J/r.  Gus  C.  Henning. — Some  of  the  results  which  Professor 
Gray  gives  us  in  his  paper  on  the  repeated  stress  were  so  inter- 
esting and  so  novel  that  I  thought  it  worth  while  to  rig  up  a 
machine,  the  Columbia  College  testing  machine,  and,  with  the 
assistance  of  Professor  Woolson,  to  repeat  the  tests,  and  as  we 
did  not  have  time  enough  to  complete  them  we  will  continue 
and  present  them  to  the  Society  later;  but  we  have  done 
enough  (of  course,  I  use  my  own  little  recorder,  which,  even  with 
its  small  multiplication,  is  sufficient)  to  get  at  some  results, 
which  apparently  verify  many  of  the  points  that  Professor 
Gray  has  mentioned,  and  the  change  or  the  difference  in  elastic 
limit.  The  change  in  the  elastic  curve  of  the  best  of  cast  iron, 
under  repeated  compression  and  tension,  is  clearly  marked. 
The  modulus  of  elasticity  under  compression  is  considerably 
higher  in  this  particular  kind  of  cast  iron  than  it  is  in  the  case 
of  tensional  stresses,  and  not  only  that,  but  as  we  repeat  these 
stresses  the  moduli  in  every  case  decrease  ;  so  if  we  put  the  dia- 
grams as  we  obtain  them  we  will  get  results  similar  to  those  of 
Professor  Gray. 

There  has  been  a  very  considerable  discussion  in  the  En- 
(ff fleering  News  about  yield  point  and  elastic  limit.  Now,  Pro- 
fessor Gray's  recorder  points  out  exactly  what  a  great  many 
people  who  do  rapid  commercial  testing  have  denied  to  be  a 
fact,  and  what  those  who  have  investigated  it  carefully,  have 
said  was  one.  All  of  these  curves  show  that,  I  prefer  to  draw 
my  diagrams  different  from  Professor  Gray's,  because  pretty 
nearly  everybody  else  does,  and  for  another  reason :  that  it  is 
more  readily  visible.  As  the  stress  increases,  the  deflection 
increases.  Here  (Fig.  227}  you  see  I  have  drawn  a  slight  kink  at 
rfin  it  The  line  abc  changes— it  falls  off,  then  it  runs  up  to  (J-c. 
Now,  most  people  deny  that  there  is  any  possibility  of  deter- 
mining the  elastic  limit  as  distinct  from  the  yield  point,  and  that 
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engineers  should  not  use  the  elastic  limit,  as  distinct  from  the 
yield  point,  as  a  factor  or  a  point  from  which  to  start  their  basis 
of  calculation  for  loads  applied.  Now,  this  little  recorder  and 
Professor  Gray's  invariably  show  a  sudden  change  there  at  rf, 
which  is  distinctly  the  limit  of  proportionality  as  defined  by  all 
the  European  investigators,  and  further  beyond  a  distinct  yield 
point  at  c.  From  d  to  the  material  stretches  materially  with- 
out increase  of  load.      From  a  to  6  it  stretches  very  little 


Or»y 


Fig.  227. 


indeed.  The  limit  of  proportionality  as  defined  by  Bauschinger 
and  the  French  official  commission  is  at  h.  But  while  change 
in  curve  a-h  is  not  very  weU  defined,  d  is  generally  well 
defined  and  c  always  is  particularly  distinct ;  but  when  deter- 
mined by  drop  of  the  beam  no  one  knows  whether  it  is  c  or 
whether  it  is  not  as  Professor  Gray  just  showed.  Now,  as  the 
drop  of  the  beam  is  solely  a  function  of  the  stretch  of  the 
material,  the  man  who  habitually  works  by  drop  of  the  beam 
will  say  that  d — or  let  me  say,  or  any  point  within  Tcvdn — ^is  the 
yield  point — just  about  as  close  as  that.  And  that  is  the  point. 
Now,  if  a  recorder  is  used — I  do  not  care  whether  it  multiplies 
five  times  or  five  hundred  times— it  will  invariably  be  known 
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that  c  is  the  yield  point,  because  before  you  get  to  that  point 
you  will  find  exactly  what  I  have  shown  at  d — although 
slightly — a  change  in  that  curve.  Now,  when  any  person  care- 
fully investigates  things  by  recorders  of  this  sort  or  of  any  kind 
which  do  their  work  correctly,  he  will  always  know  that  there 
is  an  elastic  limit  (limit  of  proportionality)  and  a  yield  point, 
and  there  will  be  no  question  about  it  But  when  you  work  by 
drop  of  the  beam  there  may  be  everything  under  the  sun  to 
vitiate  results — the  slip  in  the  wedges,  slip  in  one  wedge  or  in 
another  wedge,  the  compression  of  the  whole  machine,  being 
built  of  cast  iron ;  the  carelessness  of  the  man,  the  inertia  of  the 
machine,  and  several  other  things  besides,  especially  the  inten- 
tional location  of  the  yield  point  at  any  given  point  to  fill  the 
specifications ;  but  the  diagrams  will  always  tell  where  d  and  c 
are,  and  in  view  of  these  diagrams,  especially  emphasized  by 
Professor  Gray's  paper,  it  cannot  be  denied  that  there  is  a  dis- 
tinct difference  between  elastic  limit  and  yield  point ;  and  I 
point  this  out  so  clearly,  because  some  people  who  ought  to 
know  better  have  insisted  upon  it,  that  for  all  practical  purposes 
the  determination  of  yield  point  by  drop  of  the  beam  is  suffi- 
cient If  engineers  want  to  know  what  their  materials  are  they 
might  just  as  well  be  a  little  more  careful  and  not  take  these 
fictitious  high  values  of  qualities  of  material,  because  they  will 
invariably  make  a  mistake.  You  may  say  that  the  factor  of 
safety  covers  the  mistake.  It  does  not.  It  does  in  some  mate- 
riab,  but  it  does  not  in  all.  Now,  this  peculiar  behavior  in  plate 
iron  is  due  to  one  fact  especially.  It  is  due  to  cold  rolling 
more  than  anything  else.  If  the  material  is  a  very  hard  mate- 
rial, the  modulus  of  elasticity  will  be  practically  the  same,  but 
the  elastic  limit  and  the  yield  point  will  be  changed,  and  just  as 
soon  as  a  material  which  approaches  the  higher  carbon  steels 
is  tested,  the  curve  will  be  smooth  and  continuous  without 
kinks,  and  in  the  case  of  structural  steels,  when  cold-rolled, 
because  they  did  not  pass  through  the  rolls  hot  enough,  a  very 
marked  indication  of  the  yield  point  much  too  high  will  be  ob- 
tained, although  the  elastic  limit  will  be  indicated  just  as  nicely 
as  when  the  material  is  properly  rolled.  If  the  steel  is  a  higher 
carbon  steel,  for  instance  .45  carbon,  where  the  strength  runs 
up  to  eighty  or  eighty-five  thousand,  then  a  rapidly  and  gradually 
changing  smooth  curve  will  be  obtained,  whether  it  is  properly 
rolled  or  not.     In  tool  steel  you  will  get  almost  a  smooth  curve. 
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and  then  the  drop  of  the  beam  is  useless  to  determine  the  yield 
point ;  but  Professor  Gh-ay's  recorder  will  show  it  very  well.  It 
is  shown  on  his  curves.  It  is  very  pretty  indeed  to  show  what 
a  slight  check  in  the  test- piece  produces  in  results ;  while  if  the 
bar  had  been  tested  without  a  recorder  this  difference  of  be- 
havior would  hardly  have  seen  seen,  and  the  difference  in  elon- 
gation there  would  probably  have  been  ascribed  to  other  rea- 
sons than  the  correct  one.-  This  beautiful  illustration  of  the 
raising  of  the  elastic  limit  shows  another  thing.  If  the  curve 
be  foreshortened  (Fig.  223)  the  elastic  limit  will  be  clearly  seen 
somewhere  below  that  yield  point,  and  it  will  be  found  that  in 
further  raising  of  the  yield  point  the  new  curve  will  be  different 
from  the  first,  and  the  curve  will  show  that  the  material  has 
been  once  strained.  Therefore  if  you  have  a  material  once 
strained  and  then  observe  that  material  under  a  reapplied  strain, 
the  diagram  will  show  it.  The  testing  by  sight  or  by  hand  will 
show  nothing  of  the  sort,  and  it  is  only  too  easy  to  fabricate 
results  by  those  methods. 

Now,  in  regard  to  another  point  that  is  raised  by  Professor 
Gray— he  said  he  had  not  investigated  the  effect  of  the  repeated 
application  of  stress  within  the  elastic  limit.  We  have  done  that, 
and  so  far  as  we  can  see  we  can  find  no  change  whatever.  If 
we  remain  well  within  the  elastic  limit  we  can  repeat  the  ten- 
sion stresses  frequently — I  do  not  say  as  often  as  we  like,  but 
frequently — without  showing  the  slightest  effect  on  the  curves  ; 
but  jast  as  soon  as  we  reach  the  elastic  limit  without  even  pass- 
ing beyond  it,  then  there  will  be  a  marked  change  in  the  curve, 
and  the  material  changes  its  character  totally. 

I  can  only  say  that  I  am  most  pleased  with  what  Professor 
Gray  has  shown  in  his  paper,  because  I  think  it  will  settle  all 
the  discussion  on  some  of  the  points  which  have  been  talked 
about  so  much,  especially  by  those  who  knew  least  of  them. 

Professor  Gray. — In  regard  to  one  or  two  of  the  points  that 
Mr.  Henning  has  spoken  of,  it  may  be  well  to  give  some  explana- 
tion. With  regard  to  the  curved  points  in  the  diagrams  for 
cast  iron,  given  in  my  paper,  I  may  say  that  the  amount  of 
rounding  at  the  points  depended  largely  upon  the  length  of 
time  between  the  stoppage  of  increasing  load  and  the  beginning 
of  decreasing  load.  The  material  was  in  a  semi-plastic  condi- 
tion when  stretched  to  the  degree  given  there,  and  gradually 
yielded.     A  certain  time,  perhaps  amounting  to  half  a  minute 
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in  some  cases,  elapsed  between  the  increasing  and  decreasing 
loads,  giving  a  slight  rounding  of  the  curve.  There  is,  of  course, 
one  way  in  which  the  rounding  of  the  curve  may  occur,  and  it 
may  be  as  well  to  mention  it,  because  it  is  one  thing  that  ought 
to  be  taken  account  of  in  making  tests  of  that  character.  If  the 
machine  be  imperfect,  if  the  machine  be  frictional— I  do  not 
mean  the  recording  mechanism,  but  the  machine  itself — it  will 
do  that  kind  of  thing ;  it  will  not  respond  promptly  when  the 
load  is  reversed.  In  the  case  here  considered  the  amount  of 
friction,  although  not  negligible  at  all,  was  not  enough  to  give 
the  curve-point.  It  was  due  to  the  flow  of  the  material  un- 
doubtedly in  that  case. 

Then,  with  regard  to  the  change  of  modulus,  as  shown  by  my 
curve,  it  may  be  well  to  point  out  that  those  moduli  were  calcu- 
lated for  each  case  from  the  actual  cross-section  for  that  case, 
and  a  certain  part  of  this  change  in  the  line  which  is  shown  in 
the  curves  was  due  to  diminution  of  section,  not  all  of  it. 
There  is  a  change  of  modulus,  but  it  is  so  small  that  I  do  not 
know  that  any  inspector  of  materials  could  base  any  objection 
on  it.  I  think  it  is  rather  within  the  limits  of  ordinary  varia- 
tions of  the  material.  The  modulus  changes  in  one  direction 
for  several  successions  of  load  and  rest,  and  generally  changes 
in  opposite  directions  for  further  continuation  of  the  experi- 
ment. Several  of  these  points  are  quite  interesting  physically, 
but  discussion  of  all  the  points  that  come  up  in  connection  with 
those  curves  would  make  the  paper  into  a  volume. 

Then,  as  regards  stress  below  the  elastic  limit,  I  had  not 
investigated  enough  to  say  anything  definite  upon  it.  I  have 
applied  stresses  and  taken  them  off  several  times,  and  found  no 
noticeable  result.  But  whether,  if  we  continue  to  put  these 
stresses  on  and  off,  instead  of  one  or  two  time&  one  or  two 
hundred  times,  we  would  not  get  something,  is  still  to  be 
demonstrated.  I  think  that  is  one  thing  that  we  have  to  inves; 
tigate  in  the  near  future  to  satisfy  ourselves  on. 

Mr.  0,  C.  Woolson. — With  regard  to  Professor  Benjamin*s  ques- 
tion as  to  what  part  of  the  diagram  was  used  in  calculating  the 
values  of  E  given  in  the  paper,  I  may  say  that  my  usual 
practice  is  to  take  the  part  beginning  at  zero  load.  The  line 
tangent  to  the  curve  at  zero  load  practically  lies  along  the 
curve  up  to  a  considerable  fraction  of  the  yield-point  load. 

What  do  we  understand  Mr.  Henning  means  by  keeping  well 
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within  the  elastic  limit?  Are  we  to  infer  from  that  that  he 
suggests  making  any  change  from  present  practice  regarding 
this  rather  unknown  quantity? 

Mr.  Henning. — I  can  answer  Mr.  Woolson  this  way:  Before 
you  make  any  calculations  have  your  material  carefully  tested 
by  a  man  who  knows  his  business,  and  let  him  tell  you  what  are 
the  safe  loads  to  be  applied.  Load  materials  are  changing  every 
day,  especially  at  present,  when  they  are  beginning  to  mix  iron 
and  copper,  and  aluminum,  and  everything  else.  We  know  our 
trolley  wire  can  be  stretched  more  than  any  one  knew  copper 
wire  could  be  stretched  before  without  breaking  down;  but 
whether  that  wire  can  be  permanently  kept  in  that  position 
without  breaking  we  do  not  know.  We  know  that  trolley 
wires  break  for  various  reasons,  but  whether  that  is  not  due  to 
the  change  of  condition  on  account  of  that  band  Idnm,  which  I 
have  represented  to  be  one-quarter  inch  wide,  representing  the 
location  of  the  yield  point  or  the  elastic  limit,  we  do  not  know, 
but  if  that  quarter-inch  of  variation  in  that  diagram  means  a 
difference  in  load  of,  say,  5,000  pounds,  as  is  easily  possible  in 
the  present  machines,  or  the  present  methods  used  in  testing, 
why,  then,  supposing  that  you  apply  a  factor  of  safety  of  four, 
you  may  approach  the  elastic  limit,  \fhich  was  away  below 
that,  so  closely  that  you  are  running  risks  of  stretching  your 
material  permanently  every  time  you  apply  your  working  loads. 
When  you  consider  that  instantly  you  apply  loads  greater  than 
working  loads  in  machinery,  you  are  exceeding  the  low  factors 
of  safety  which  are  based  on  ultimate  strength,  it  is  obvious  that 
we  must  know  somewhat  nearer  than  the  position  of  the  quarter- 
inch  strips  where  the  elastic  limit — not  the  yield  point — ^is 
actually  located. 
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DCCXXXII.* 

ON  RATING  ELECTRIC  POWER  PLANTS   UPON  THE 
HEAT-UNIT  STANDARD. 

BY  WM.  ».  ALDRICH,  MOROANTOWN,  W.  VA. 

(Member  of  the  Society.) 

The  progress  of  power-plant  engineering  has  reached  such  a 
stage  of  development  that  electric  power  plants  should  be  con- 
tracted  for  on  a  somewhat  similar  basis  of  guaranteed  perform- 
ance as  that  now  in  vogue  for  pumping  plants.  There  should 
be  guaranteed  a  definite  output,  in  the  case  of  the  electric  plant, 
to  be  measured  at  the  switchboard  and  expressed  in  kilowatts 
per  1,000,000  B.  T.  U.  supplied  to  the  steam  used  in  the  whole 
plant. 

Following  are  some  of  the  advantages  of  having  such  a  stand- 
ard for  this  purpose  founded  upon  the  heat-unit  basis : 

(1)  It  is  a  simple  basis,  involving  quantities  easily  measured. 

B.  T.  U.  Input. — The  computation  is  based  upon  the  quan- 
tity of  heat  required  to  raise  all  of  the  feed  water  from  its  tem- 
perature to  that  of  the  steam  at  the  boiler  pressure,  with  such 
additional  determinations  and  allowances  as  are  now  regularly 
made  in  obtaining  the  similar  quantity  of  heat  supplied  in  the 
duty  trials  of  pumping  engines. 

Kilowatts  Output. — The  work  is  obtained  from  corrected 
voltmeter  and  ammeter  readings,  at  the  switchboard,  for  a  defi- 
nite interval  of  time  at  a  given  specified  load,  which  is  main- 
tained uniform  throughout. 

(2)  It  applies  to  all  plants  operated  hy  any  kind  of  heat-engine. 

•  The  present  way  of  stating  such  performance  is :  {a)  Kilowatts 
per  pound  of  coal ;  {h)  kilowatts  per  cubic  foot  of  gas ;  (^^  kilo- 
watts per  gallon  of  oil — according  to  the  kind  of  heat-engine 
furnishing  the  motive  power  for  the  plant     The  proposed  stand- 

*  Presented  at  the  Hartford  meeting  (May,  1897)  of  tlie  American  Society  of 
Mechanical  Elngineers,  and  forming  part  of  Volume  XVIII.  of  the  Transactions, 
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ard  is  superior  to  such  ratings  as  the  former,  and  furnishes  a 
common,  practical,  and  scientific  one  for  all  of  them.  They 
involve  the  efficiency  of  the  boiler  or  of  the  gas  producer,  and 
this  last  requires  the  determination  of  the  thermal  value  of  the 
fuel.  It  is  not  alone  the  difficulty  of  such  determinations  but 
the  unsatisfactory  nature  of  the  fuel  basis  which  has  led  to  its 
disuse  in  pumping  plaints. 

(3)  It  forr)\s  the  most  satisfactory  hasis  for  comparison  of  plants. 

Efforts  are  being  continually  made  to  obtain  such  ratings  for 
existing  electric  power  plants  as  will  enable  the  probable  per- 
formance of  similar  projects  to  be  predetermined  when  installed 
and  operated  in  like  manner.  Sufficient  and  reliable  data  may 
be  obtained  at  various  proportional  parts  of  the  full  load  of  the 
plant  as  will  enable  one  to  determine  what  may  be  called  the 
**  characteristic  "  of  the  particular  type  of  electric  power  plant 
under  consideration.  The  inherent  advantages  of  each  type  of 
plant  will  then  appear  in  its  characteristic  curves,  showing  the 
variations  in  its  efficiency  and  economy  at  various  proportional 
parts  of  its  full  load  or  of  its  rated  normal  capacity.  Then  it 
will  be  possible  to  compare,  at  different  loads,  system  with  sys- 
tem and  plant  with  plant.  Such  determinations  and  compari- 
sons will  be  all  the  more  valuable  if  based  upon  commonly- 
accepted  standards  and  ratings,  such  as  the  heat-unit  proposed. 

(4)  It  will  facilitate  the  predetermination  of  the  performance  of 

electric  power  pUmts, 

The  engineering  precedent  which  will  be  established  by  such 
a  standard  will  promote  the  predetermination  of  the  efficient 
and  economic  performance  of  electric  plants  quite  as  much  as 
similar  ratings  have  accomplished  for  pumping  plants.  While 
both  units  are  rarely  built  by  the  same  concern,  as  in  the  case 
of  the  latter,  still  this  should  not  debar  the  installing  engineer 
from  advocating  the  use  of  such  guarantees  based  on  the  heat- 
unit  basis  if  his  work  is  to  hold  its  own  in  the  light  of  the 
guarantees  and  contracts  made  in  other  branches  of  engineer- 
ing, and  notably  so  in  the  installation  of  pumping  machinery. 

(5)  It  \oill  promote,  the  most  econom^ioal  arrangement  of  plants. 

The  power  plant  is  an  aggregation  of  units  and  of  an  ever- 
increasing  complexity.     It  is  therefore  quite  as  essential  to  have 
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the  whole  system  economically  arranged  as  to  have  the  most 
economical  units.  It  is  this  economy  of  arrangement  or  of 
installation,  so  to  speak,  which,  in  a  measure,  the  duty  of  a 
pumping  plant  so  clearly  expresses  when  based  upon  the  heat- 
unit  standard.  It  is  such  a  method  of  stating  the  final  outcome 
of  the  arrangement  of  all  of  the  details  of  a  power  plant  of 
which  designers,  builders,  managers,  and  owners  wish  to  know 
the  value. 

(6)  HeaUxmit  specifications  will  form  a  proper  basts  of  agreeraenis. 

Builders  of  both  engines  and  dynamos  are  equally  interested 
in  the  adoption  of  some  such  common  standard.  Unfortunately, 
however,  in  many  cases  this  interest  extends  only  so  far  as  the 
economic  performance  is  concerned  of  the  individual  machines 
which  they  manufacture. 

(7)  Contract  trials  of  eUctric  pla/nis  shmild  he  hosed  on  heat-units. 

Contract  trials  of  the  completed  plant  are  necessary  to  estab- 
lish the  guarantees  of  satisfactory  fulfilment  of  contract  as  to 
both  efficiency  of  installation  and  economy  of  operation.  The 
present  method  of  basing  the  performance  of  such  upon  the 
final  plant  efficiency  is  misleading.  In  electric  installations, 
particularly,  there  is  a  set  of  conditions  insuring  a  maximum 
value  for  such  an  efficiency,  usually  at  some  fractional  load. 
There  is  also  in  such  plants  another  set  of  conditions,  at  some 
other  load,  insuring  maximum  economy  of  operation  of  the 
engine.  Only  contract  trials  for  definite  periods  of  time,  at 
specified  and  uniform  loads  (at  various  proportional  parts  of  the 
full  load),  will  enable  all  claims  to  be  adjusted  regarding  guar- 
anteed efficiency  or  economy,  when  such  is  based  upon  the  quan- 
tity of  heat  supplied  to  the  system  in  thermal  units. 

(8)  It  Will  advance  thi^  industi^  along  engineering  lines. 

The  business  of  power-plant  design,  construction,  installation, 
and  management  is  not  altogether  in  a  formative  period.  Nev- 
ertheless, when  an  electric  power  plant  can  be  contracted  for  on 
the  basis  of  so  many  kilowatts  output  per  1,000,000  B.  T.  U.  in 
the  steam  supplied  to  the  plant,  and  that  at  a  certain  specified 
load,  or  proportional  part  of  the  full  load,  then  we  may  expect 
somewhat  the  efficiencies,  economies,  guarantees,  and  contracts 
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now  being  regularly  realized  in  some  of  the  other  lines  of  power 
generation. 

The  subject  is  developed  in  this  paper  as  follows  : 

(1)  The  heat-unit  as  a  basis  for  rating  steam  power  plants. 

(2)  The  heat-unit  required  for  such  a  standard. 

(3)  Present  use  of  the  heat-unit  in  steam  pumping  plants. 

(4)  Present  way  of  stating  performance  of  electric  plants. 

(5)  The  load  factor  in  power-plant  ratings. 

(6)  Proposed  use  of  heat-units  in  electric  plants. 

(7)  Determination  of  the  heat  supplied  to  the  steam. 

(8)  Performance  of  the  boiler  not  in  evidence. 

(9)  Determination  of  work  done  by  electric  generators. 

(1)   THE   HEAT-UNIT   AS   A   BASIS   FOR   RATING    STEAM   POWER 

PLANTS. 

It  is  not  the  purpose  of  this  paper  to  review  the  line  of  argu- 
ment for  such  a  use  of  the  heat-unit  as  a  standard  basis  for 
rating  and  comparing  the  performance  of  steam  power  plants  in 
general.  Nor  is  it  proposed  to  advocate  anew  the  great  value 
of  heat-unit  specifications  as  the  proper  basis  of  agreement 
between  contractor  and  builder,  on  the  one  hand,  and  the  sub- 
sequent contract  trials  on  this  basis  as  the  most  satisfactory 
means  of  adjusting  all  claims  in  power-plant  installations,  on 
the  other  hand. 

The  heat-unit  is  the  most  scientific  basis  for  the  engineer  to 
use  in  stating  the  final  performance  of  any  power  plant  driven 
by  a  heat  engine.  It  is,  in  consequence,  the  most  satisfactory 
standard  upon  which  to  base  an  agreement  between  the  con- 
tracting parties  for  the  installation. 

The  merits  of  the  he^t-unit  standard  in  these  particulars 
cannot  be  longer  open  to  discussion.  It  has  been  so  completely 
defined  for  pumping  plants,  for  instance,  and  is  in  such  constant 
and  satisfactory  use  in  this  branch  as  to  prove  its  engineering 
value. 

Heat-unit  ratings  are  also  coming  into  more  general  use  as  the 
most  suitable  standard  upon  which  to  base  the  performance  of 
prime  movers  in  power  plants  deriving  their  energy  from  fuel, 
whether  by  steam  engines  or  other  heat  engines.  The  value  of 
such  a  standard  has  been  ably  advanced  by  Prof.  C.  H.  Pea- 
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body  in  a  paper*  before  this  Society,  from  which  we  qaote  as 
follows : 

"  It  is  customary  to  state  the  performance  of  a  steam  engine 
in  pounds  of  steam  used  per  horse-power  per  hour,  a  method 
which  is  open  to  objection,  since  the  value  of  a  pound  of  steam 
depends  on  the  pressure  and  quality  of  the  steam.  It  has  fre- 
quently been  urged  upon  the  attention  of  engineers  that  the 
British  thermal  unit  (B.  T.  U.)  should  be  used  in  stating  the 
performance  of  engines.  .  .  .  In  order  to  obtain  convenient 
numerical  quantities  it  is  advisable  to  state  engine  performance 
in  British  thermal  units  per  horse-power  per  minute.  Incident- 
ally, this  method  has  the  advantage  that  it  may  be  used  for  any 
heat  engine,  such  as  a  hot-air  engine  or  a  gas  engine." 

(2)  THE  HEAT-UNIT   REQUIRED  FOR    SUCH   A  STANDARD. 

The  acknowledged  scientific  standard  of  temperature,  of 
0  degrees  Cent.,  is  evidently  impracticable  for  a  heat-unit  stand- 
ard. Prof.  H.  A.  Rowland  has  shown  that  such  a  temperature 
is  out  of  the  question,  because  the  mechanical  equivalent  of 
heat  is  not  definitely  determined  and  probably  cannot  be  at  this 
critical  point.  Nevertheless,  such  is  the  basis  of  the  scientific 
heat-unit,  the  calorie — the  quantity  of  heat  required  to  raise  the 
temperature  of  one  kilogram  of  pure  water  one  degree  from 
0  degree  Cent.    ^ 

The  temperature  of  39.1  degrees  Fahr.,  at  which  water  attains 
its  maximum  density,  is  equally  undesirable,  notwithstanding 
that  it  is  the  old  British  standard  temperature  of  the  days  of 
Bankine.  The  determination  of  the  mechanical  equivalent  of 
heat  at  this  critical  temperature  offers  similar  difficulties  to  those 
of  the  freezing  point.  At  neither  of  these  points  can  the  specific 
heat  of  water  be  satisfactorily  determined. 

"  There  is  practical  convenience  in  choosing  62  degrees  Fahr. 
for  the  standard,  because  it  is  near  the  mean  temperature  of  the 
air  during  experimental  work,"  as  Prof.  C.  H.  Peabody  has 
pointed  out.  Besides,  the  specific  heat  of  water  may  be  defi- 
nitely known  at  this  temperature  ;  therefore  "  it  is  more  scien- 
tific to  take  an  easily  verified  quantity  for  the  standard." 

The  British  thermal  unit  now  used,  or  the  mechanical  equiv- 

*  TranrnxeHons  of  the  AmericaD  Society  of  Mecbanioal  Engineers,  vol.  xiii.» 
No.  484,  OB  the  '<Eoonomj  and  BfBdeney  of  the  Steam  Bngine,"  by  C.  H. 
Peabody. 
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alent  of  the  heat  required  to  raise  the  temperature  of  one 
pound  of  water  one  degree  from  62  degrees  to  63  degrees  Fahr., 
is  that  of  Professor  Rowland's  determination,  of  778  foot-pounds. 
This  temperature  is  also  that  of  the  new  British  standard  of 
weights  and  measures,  and  more  clearly  approaches  the  15 
degrees  Ceni  of  the  French  standard — a  temperature  frequently 
used  and  readily  maintained  in  electrical  and  other  testing 
work. 

The  only  objection  to  the  British  thermal  unit  used  in  connec- 
tion with  the  watt  is  that  this  heat-unit  is  not,  like  the  watt,  one 
of  the  units  based  on  the  scientific  standards  of  the  C.  G.  S. 
system.  Of  course,  such  a  heat-unit  is  to  be  found  in  the 
calorie.  But  its  mechanical  equivalent  requires  that  the  most 
accurate  scientific  measurements  be  made  at  the  critical  tem- 
peratures for  water,  which  have  been  found  to  be  quite  impos- 
sible of  determination. 

(3)   PRESENT  USE   OF  THE   HEAT-UNIT   IN   STEAM  PUMPING  PLANTS. 

The  use  of  the  heat-unit  in  this  connection  was  first  sug- 
gested* by  Dr.  Chajs.  E.  Emery,  member  of  this  Society.  He 
proposed  that  the  duty  of  pumping  engines  should  be  based 
upon  the  foot-pounds  of  work  done  by  the  steam  pump  on  an 
expenditure  of  1,000,000  B.  T.  U.  in  the  steam  supplied  to  the 
plant. 

The  adoption  of  this  standard  was  the  logical  outcome  of  the 
old  one,  by  which  the  '*  duty  "  was  rated  in  foot-pounds  per  hun- 
dred pounds  of  coal  burned  under  the  boiler.  The  ordinary 
specification  of  an  evaporation  of  10  pounds  of  water,  from  and 
at  212  degrees  Fahr.,  under  atmospheric  pressure,  would  result 
in  065,700  B.  T.  U.  supplied  to  the  whole  plant  per  hundred 
pounds  coal  burned  under  the  boiler.  Another  advance  was 
made  when  it  was  proposed  to  state  this  "  duty  "  on  the  basis  of 
the  1,000  pounds  of  feed  water  supplied  to  the  system,  rating 
the  heat  units  per  pound  of  water  evaporated  as  before,  from 
and  at  212  degrees  Fahr.  But  it  was  clear  that  the  efficiency  of 
the  boiler  should  have  nothing  to  do  with  the  "  duty  '*  of  the 
pumping  engine.  It  was  therefore  but  a  slight  step,  and  one  in 
the  right  direction,  to  change  the  standard  to  that  of  1,000,000 
B.  T.  TJ.  in  the  steam  supplied  to  the  plant. 

*  United  States  Centeunial  CominissioD,  iDteruatiotial  Exhibition,  Group  XX.  ; 
vol.  vi.,  pages  21  and  115  of  the  Report  of  the  Judges. 
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Such  use  of  the  heat-unit  was  further  considered  before  this 
Society  in  the  "Report  of  Committee  on  a  Standard  Method 
of  Conducting  Duty  Trials  of  Pumping  Engines."  *  The  adop- 
tion of  this  method  has  since  resulted  in  most  remarkable 
developments  in  this  branch  of  industry.  Unprecedented  econ- 
omies of  pumping  engines  have  been  brought  about.  Installa- 
tions and  contract  trials  upon  such  a  basis  have  furnished 
valuable  engineering  precedent.  The  "duty"  of  pumping  en- 
gines can  be  so  closely  approximated  that  binding  contracts  are 
willingly  entered  into  by  the  builders.  Bids  are  advertised  for 
with  the  understanding  that  "  No  bids  will  be  considered  offer- 
ing less  duty  than  130,000,000  foot-pounds." 

The  question  was  opened  afresh  and  the  cause  further  pro- 
moted by  Mr.  A.  F.  Hall  in  a  recent  paper  t  before  the  Society, 
in  which  he  writes  thus  : 

"  But  why  use  variable  quantities  as  coal  and  steam  for  units 
when  the  heat-unit  is  just  as  simple  to  obtain  and  use,  and  one 
which  requires  but  little  study  to  understand  ?  ...  It  has  in 
it  the  elements  of  simplicity,  and  places  all  engines  upon  an  equal 
footing  for  comparison,  which  no  other  proposed  method  does." 

(4)  PRESENT  WAY  OF  STATING  THE  PERFORMANCE  OF  ELECTRIC 

POWER  PLANTS. 

It  has  been  previously  noted,  in  the  abstract  of  advantages  of 
the  heat-unit  basis  over  the  present  ratings,  that  the  latter  are  : 
(a)  kilowatts  per  pound  of  coal ;  (b)  kilowatts  per  cubic  foot  of 
gas  ;  (c)  kilowatts  per  gallon  of  oiL  This  is  merely  to  inaugu- 
rate a  method  of  stating  such  performance  for  electric  plants 
as  that  which  has  been  tried  and  found  wanting  for  pumping 
plants.  Neither  do  builders  of  engines  and  dynamos  care  to 
be  held  responsible  for  the  performance  of  the  heat-generating 
plant,  whether  it  be  a  steam  boiler  or  a  gas  producer. 

The  watt,  the  kilowatt,  or  the  watt-hour  basis  is  perfectly 
intelligible.  The  fuel  record  is  on  the  most  unsatisfactory  and 
unreliable  basis  that  could  have  been  selected  for  such  ratings. 
The  kind  of  coal  or  other  fuel  is  rarely  stated.     It  is  always  a 

*  TransaeHons  of  ilie  AmericaD  Society  of  Mechanical  Engineers,  vol.  xi.,  No. 
S'*! — *'  Report  of  Comniitree  on  a  Standard  Method  of  Conducting  Duty  Trials 
of  Pumping  Engines." 

t  Transactions  of  the  American  Society  of  Mechanical  Engineers,  vol.  xv.. 
No.  584 — **  Hi-at  Units  and  Specifications  for  Pumping  Engines,"  by  A.  F.  Hall, 
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variable  quantity.  Even  if  noted,  it  enables  one  to  fonn  only  a 
vague  notion  of  what  the  economic  rating  should  be  with  any 
other  kind  of  fuel.  Such  records  and  ratings  are  not  of  perma- 
nent value.  They  are  not  given  on  a  rational  and  scientific 
basis  in  conformity  with  the  standards  in  electrical  and  other 
engineering  work.  It  is  proposed  to  substitute  the  heat-unit  as 
the  standard,  about  which  there  can  be  no  dispute,  unless  it  be 
as  to  the  kind  of  heat-unit  which  should  be  chosen.  This  objec- 
tion has  been  considered  in  a  preceding  section  with  regard  to 
the  merits  of  the  British  thermal  unit  and  the  calorie  of  the 
French  standard. 

(5)  THE  LOAD   FACTOR  IN  POWER-PLANT  RATINGS. 

When  the  output  of  the  plant  is  referred  to,  it  is  usually  in 
terms  of  its  load  factor.  Thus,  for  any  one  day's  record  of  the 
performance  of  a  good  electric  plant  it  would  be  at  present  ex- 
pressed as,  say,  200  watt-hours  per  pound  of  coal,  with  load 
factor  of  40.  From  the  very  definition  of  this  term  **load 
factor  "  and  the  limitations  placed  upon  it,  it  is  apparent  that 
the  same  factor  may  be  obtained  in  quite  a  number  of  different 
ways.  It  is  needless  to  point  out  that  there  will  be  a  different 
coal  bill  for  each  and  every  set  of  conditions  giving  one  and  the 
same  load  factor. 

This  load  factor  expresses  the  rate  of  working.  Professor 
Unwin  *  states  the  case  very  clearly  thus :  "  There  may  be  vari- 
ous load  factors  according  to  the  precise  fluctuation  considered. 
But  for  the  object  at  present  in  view,  the  consideration  of  the 
influence  of  variation  of  load  on  the  efficiency  of  steam  plant, 
the  load  factor  may  be  taken  to  be  the  ratio  of  the  area  of  a 
day's  load  curve  to  the  area  of  a  rectangle  enclosing  ii  It  is 
equally  the  ratio  of  the  average  load  during  the  day  to  the 
maximum  load  at  any  time  during  the  day." 

Such  a  load  factor,  therefore,  takes  no  consideration  of  the 
performance  under  a  steady  load,  but;  mainly  represents  the 
result  of  the  general  average  of  all  of  the  various  fluctuations 
during  any  given  time  interval,  as  one  day.  For  the  purpose  of 
this  paper  it  cannot  be  considered  as  being  at  all  equivalent  to 
what  is  herein  termed  "  the  proportional  part  of  the  full  load," 
under  which  condition  all  parts  of  the  system  may  be  consid- 

*  "  On  tbe  Developiuttnt  and  TransmissioD  of  Power  from  Central  Stations,'^ 
by  W.  C.  Unwin,  London,  1894. 
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ered  as  running  under  a  constant  load.  It  is  the  performance 
under  the  latter  uniform  condition  which  forms  the  basis  for 
comparison  of  ratings  by  the  British  thermal  unit  standard. 

(6)    PROPOSED   USE   OF   HEAT-UNITS  IN  ELECTRIC   PLANTS. 

It  is  proposed  to  state  the  performance  of  steam-power  elec- 
tric plants  in  kilowatts  per  1,000,000  B.  T.  U.  supplied  to  the 
steam  used  in  the  complete  plant. 

It  is  apparent  that  the  same  line  of  arguments,  7>/'o  and  am^ 
is  quite  likely  to  arise  as  in  the  case  of  similar  ratings  for 
pumping  plants.  Howeyer,  such  a  basis  is  equally  adapted  to 
meet  the  growing  requirements  for  some  standard  in  these  latter 
types  of  steam-power  plants. 

In  this  case,  moreover,  it  is  possible  to  start  upon  a  right 
basis  from  the  beginning.  The  practice  of  rating  the  perform- 
ance upon  the  watt>hours  per  pound  of  coal  has  not  become  so 
rooted  that  it  cannot  be  changed  to  that  now  proposed.  The 
necessity  for  such  a  standard  in  this  case  is  none  the  less  real, 
nor  is  its  final  adoption  less  probable  on  account  of  the  radi- 
cally different  conditions  under  which  these  two  types  of  power 
plants  are  regularly  operated  ;  namely,  uniform  loads  in  pump- 
ing plants  and  extreme  and  often  rapidly  yarying  loads  in  the 
electric  plants. 

As  long  as  electricity  continues  to  be  generated  by  machinery 
driven  by  heat  engines,  as  well  as  when  it  comes  to  be  generated 
from  coal  direct,  it  is  believed  that  there  is  no  better  standard 
than  that  already  Adopted  in  steam  engineering.  .  The  unit  of 
measure  for  the  total  heat  put  into  the  system — namely,  the 
British  thermal  unit — is  that  upon  which  the  output  in  kilowatta 
may  be  most  satisfactorily  based. 

(7)  DETERMINATION  OP  THE  HEAT  SUPPLIED  TO  THE  STEAM. 

The  method  of  procedure,  by  which  the  quantity  of  heat  sup- 
plied to  the  system  is  determined  from  the  feed-water  measure- 
ments, has  been  ably  set  forth  in  the  report  *  of  the  Committee 
on  Duty  Trials  of  Pumping  Engines.  It  is  equally  applicable  to 
the  case  of  the  electric  plant,  and  is  as  follows : 

"  Starting  with  a  heat-unit  basis  of  computing  duty,  it  is  pro- 

*  Transductions  of  the  American  Society  of  Mechanical  Engineers,  vol.  xi.. 
No.  381—**  Report  of  Committee  on  a  Standard  Method  of  Conducting  Duty  Trials 
of  Pumping  Euginee.*' 
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posed  to  make  the  computation  from  the  quantity  of  heat  sup* 
plied  to  the  complete  plant ;  using  not  only  that  supplied  to  the 
engine  cylinders,  but  that  supplied  to  all  the  necessary  parts  of 
the  engine,  such  as  the  steam  jackets,  the  donkey  feed  pump,  the 
independent  air  pump,  if  this  be  driven  with  steam,  and  any 
other  apparatus  using  steam  which  is  necessary  to  the  opera- 
tion  of  the  engine. 

''In  contract  tests,  if  a  steam  pump  be  used  for  the  boiler 
feed  pump,  the  quantity  of  heat  supplied  for  operating  this  ap- 
paratus is  to  be  included  in  the  total  quantity,  not  only  in  oases 
where  both  boiler  and  engine  are  supplied  by  one  party,  but 
also  where  the  boiler  is  furnished  by  a  separate  contractor.  In 
this  connection  it  should  be  added  that  if  the  engine  contractor 
does  not.  furnish  the  boiler  feed  pump,  he  should  be  permitted 
to  specify,  if  he  desires,  the  kind  of  feeding  apparatus  which 
shall  be  used  during  the  test. 

"  The  heat-unit  method  requires  that  the  actual  total  heat  of 
the  steam  shall  be  known,  and  for  this  purpose  allowance  will 
necessarily  be  made  for  any  moisture  or  superheat  contained  by 
the  steam  furnished  to  the  engine." 

The  method  is  further  thus  specified  in  Mr.  A.  F.  Hall's 
paper,  previously  referred  to  : 

"  Each  pound  of  water  fed  to  the  boiler  is  to  be  debited  with 
the  heat  required  to  raise  all  of  the  water  from  the  temperature 
it  has  at  its  entrance  to  the  boiler  to  that  corresponding  to  the 
boiler  pressure,  and  the  amount  of  heat  required  to  convert  97 
per  cent,  of  the  water  into  steam  of  boiler  pressure  from  the 
temperature  corresponding  to  this  pressure." 

This  is  allowing  for  3  per  cent  moisture.  The  amount  of 
moisture  in  any  case  would  be  determined  by  calorimetric 
measurements  of  the  quality  of  the  steam  supplied  by  the  boiler 
to  the  engine,  and  similarly  allowed  for. 

(8)  PERFORMANCE  OF  THE  BOILER  NOT  IN  EVIDENCE. 

This  is  the  case  for  similar  reasons  to  those  which  have  ruled 
out  the  boiler  performance  in  determining  the  duty  of  pumping 
plants.  The  steam-generating  plant  and  the  steam  motive- 
power  installation  form  two  elements  wholly  distinct  from  each 
other.  They  may  be,  in  some  cases  are,  quite  independent  of 
each  other. 
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The  thermal  value  of  the  fuel  used  must  be  brought  into  the 
case  if  the  performance  of  the  plant  is  to  be  based  upon  the 
heat  supplied  to  the  boiler  furnace.  Such  a  coal  basis  is  too 
uncertain,  "and  is  the  least  desirable  one  at  present  from  which 
to  determine  the  heat  supplied. 

The  boiler  plant  is  the  only  portion  of  the  installation  in 
which  the  human  element  has  a  hand  in  the  economic  per- 
formance. 

It  is  most  desirable  to  eliminate  this  as  far  as  possible. 
Upon  the  skill  of  the  fireman,  or  upon  what  may  be  called  his 
personal  equation,  very  much  of  the  economy  and  efficiency  of 
the  boiler  will  depend.  If  mechanical  stokers  are  used,  even 
then  the  skill  of  the  attendant  is  quite  an  important  item. 

However,  at  this  stage  of  development,  builders  of  engines 
and  dynamos  do  not  care  to  be  responsible  for  the  performance 
of  the  boiler  plant,  which  is  often  furnished  and  installed  by 
entirely  different  parties.  They  wish  to  know  the  **  duty,"  as 
in  the  case  of  pumping  engines,  regardless  of  the  boilers,  or 
irrespective  of  how  the  steam  is  supplied,  provided  it  is  com- 
mercially dry. 

(9)   DETERMINATION   OP  THE  WORK  DONE    BY  THE  ELECTFRIC 
GENERATORS. 

This  reduces  simply  to  voltmeter  and  ammeter  readings  at 
the  switchboard.  These  are  to  be  further  corrected  for  any 
instrumental  errors.  The  load  during  trial  should  be  main- 
tained as  nearly  constant  as  practicable.  Latest  forms  of  re- 
cording instruments  make  it  quite  possible  to  obtain  accurate 
records  throughout  any  specified  period.  The  extreme  simpli- 
city and  the  high  degree  of  accuracy  attainable,  in  the  case  of 
the  electric  plant,  should  be  strong  points  in  favor  of  adopting 
such  a  standard  rating  as  here  proposed. 

Direct-connected  units  in  electric  plants  make  this  method 
as  feasible  and  as  practicable  as  in  direct-acting  pumping 
engines.  It  is  of  course  possible,  but  quite  improbable,  that 
steam-power  electric  plants  of  any  magnitude  will  be  belt- 
driven  in  the  future.  The  standard  performance  of  such  instal- 
lation involves  taking  into  account  the  small  percentage  of  loss 
due  to  the  slipping  of  the  belt  or  rope  drive.  This  must  be 
stipulated  in  the  specifications  and  allowed  for  in  like  manner 
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to  the  percentage  of  slip  in  steam  pumping-engine  trials.  The 
cases  are  not  exactly  analogous,  but  they  may  be  similarly  con- 
sidered in  the  specifications  and  determined  in  the  contract 
trial. 

DISCUSSION. 

Mr,  Charles  T.  Porter. — This  paper  is  a  step  in  the  right 
direction.  The  ultimate  point  to  be  reached  is  the  rating  of 
cdl  steam  engines  upon  the  heat-unit  standard.  This  is  the 
mode  of  rating  to  which  engineering  is  tendings  and  is  obvi- 
ously the  only  mode  for  which  scientific  accuracy  can  be 
claimed. 

In  this  mode  a  heat  account  is  kept  with  the  engine.  It  is 
debited  with  the  number  of  thermal  units  supplied  to  it  and  to 
pumps,  etc.,  on  its  account,  and  is  credited  with  the  number 
converted  into  work.  The  ratio  between  these  numbers  ex- 
presses the  value  of  the  engine  on  the  economic  scale.  The 
object  of  all  engine  tests  should  be  to  determine  these  numbers 
with  accuracy. 

All  this  is  now  so  generally  understood  that  we  may  expect 
that,  so  far  as  possible,  experts  will  hereafter  work  on  this  line. 

My  object  in  discussing  this  paper  is  to  present  the  point 
that,  whatever  the  application  of  its  power  may  be,  the  engine 
should,  in  the  above  account,  be  credited  with  the  power  shown 
by  the  indicator.  In  crank  and  flywheel  engines  the  ratio 
which  the  engine  is  capable  of  maintaining  between  the  num- 
ber of  thermal  units  received  and  the  number  accounted  for  on 
the  diagram  is  the  only  variable  to  speak  of,  and  presents  the 
only  point  of  interest 

lu  this  class  of  engines,  between  (hose  equally  well  made  the 
power  expended  in  overcoming  the  friction  of  the  engine  itself 
differs  but  little.  It  can  always  be  known,  having  been  shown 
by  repeated  experiments  to  be  the  power  shown  by  the  friction 
diagram,  whatever  amount  of  work  the  engine  may  be  doing. 
The  losses  of  power  in  the  dynamos  are  also  well  established. 

So  it  results,  practically,  that  in  fixing  the  terms  of  a  guar- 
antee, the  economic  value  of  the  engine,  determined  in  the 
method  above  indicated,  is  the  only  question  to  be  considered. 

Mr,  WUHam  Kent — This  paper  states  that  electric  power 
plants  shotdd  be  contracted  for  on  a  basis  similar  to  that  in 
vogue  for  pumping  plants.     The  plant  consists  of  three  princi- 
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pal  portions,  the  boiler,  the  engine,  and  the  dynamo ;  it  also 
may  have  economizers,  heaters,  feed-pumps,  and  many  other 
accessories.  If  a  whole  plant  is  to  be  guaranteed  it  certainly 
should  include  the  boiler.  If  the  author  had  said  that  the 
engine  and  dynamo  part  of  the  plant  should  be  guaranteed  on 
this  basis,  I  should  say  the  heat-unit  standard  may  be  all  right. 
But  I  do  not  see  why  two  rival  contractors  for  the  whole  plant 
should  be  each  asked  to  guarantee  on  this  basis  so  many  kilo- 
watts developed  from  a  certain  number  of  thermal  units  unless 
they  also  are  required  to  guarantee  the  economy  of  the  boilers. 
The  two  men  may  put  in  equally  good  engines  and  dynamos 
while  one  may  put  in  a  better  boiler  plant  than  the  other.  I 
think  the  boiler  should  be  included. 

Prof.  L,  a  Randolph, — The  writer  agrees  most  heartily  with 
Mr.  Aldrich  in  regard  to  the  method  of  rating  steam  and  elec- 
tric plants,  but  wotdd  like  to  see  the  principle  carried  further 
than  the  heat  in  the  steam,  and  have  the  rating  based  on  the 
heat-units  in  the  coal.  In  the  present  condition  of  the  coal 
calorimeter,  however,  it  would  be  impossible  to  obtain  results 
sufficiently  concordant  to  warrant  its  use,  and  nothing  else  quite 
takes  its  place.  Becent  investigations  on  the  coal  calorimeter, 
however,  seem  to  indicate  that  it  may  be  possible  to  get  satis- 
factory results  from  it,  under  which  circumstances  it  would  be 
perfectly  feasible.  The  element  of  uncertainty  introduced  by 
the  personal  equation  of  the  fireman,  while  objectionable  from 
a  purely  scientific  standpoint,  becomes  an  essential  element  in 
the  commercial  consideration  of  the  problem ;  and  while  it  must 
be  admitted  that  the  proper  covering  of  this  point  in  a  specifi- 
cation or  test  presents  many  difficulties,  still  these  are  not  in- 
STjrmountable,  and  as  a  reward  we  will  get  some  of  the  improve- 
ments in  boiler  design  and  economy  which  have  been  obtained 
in  steam-engine  work.  It  seems  to  the  writer  that  much  of  the 
blame  for  unsatisfactory  results  obtained  can  be  laid  more  fre- 
quently at  the  door  of  defective  boiler  design  and  management 
than  at  anywhere  else.  How  frequently  we  see  elaborate  engines 
supplied  with  steam  by  boilers  entirely  innocent  of  economizers, 
feed- water  heaters,  etc. ;  engine  rooms  fully  equipped  with  indi- 
cators and  cards  taken  regularly  where  there  is  no  method  of 
obtaining  the  water  consumption !  While  there  are,  perhaps, 
too  many  difficulties  in  the  way  at  the  present  time  of  our  rating 
the  economy  of  power  plants  on  the  basis  of  the  heat-units  in 
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the  coal,  there  is  no  reason  why  we  should  not  at  the  present 
time  make  the  rating,  as  the  author  suggests,  on  the  basis  of  the 
heat-units  in  the  steam.  It  seems  to  have  everything  to  recom- 
mend it,  and,  as  the  author  well  says,  should  be  done  now,  be- 
fore some  other  less  desirable  unit  is  adopted. 

I  do  not  like  Professor  Aldrich's  definition  of  the  heat-unit. 
He  says :  "  The  British  thermal  unit  now  used,  or  the  mechanical 
equivalent  of  the  heat  required  to  raise  the  temperature  of  one 
pound  of  water  one  degree  from  62  degrees  to  63  degrees  Fah- 
renheit, is  that  of  Professor  Bowland's  determination  of  778  foot- 
pounds." The  thermal  unit  is  not  the  mechanical  equivalent  of 
heat.  The  heat-unit  is  the  heat  required  to  raise  one  pound  of 
water  one  degree  Fahrenheit,  and  is  independent  of  Rowland's 
or  any  one  else's  determination  of  the  mechanical  equivalent. 
But  there  is  a  little  diflference  of  opinion  at  what  temperature 
we  should  take  the  water  in  defining  a  heat  unit,  whether  from 
39  to  40  or  from  62  to  63.  I  prefer  the  old  definition,  39  to  40 
degrees,  but  the  difference  between  the  two  definitions  is  infini- 
tesimal and  of  no  practical  importance  in  the  question  of 
rating  an  electric  plant  on  the  heat-unit  basis.  The  question 
of  the  definition  of  the  heat-unit  was  discussed  in  the  discus* 
sioH  of  Professor  Peabody's  paper  some  years  ago  {Transac- 
tions, vol.  xiii.^  p.  351).  But  there  is,  however,  another  unit  upon 
which  we  can  all  agree,  which  is  the  unit  of  evaporation,  or  the 
heat  required  to  evaporate  a  pound  of  water  from  and  at  212 
degrees.  This  is  965.7  times  the  value  of  the  heat  unit  by  the 
old  definition — that  is,  the  heat  required  to  raise  one  pound  of 
water  one  degree  Fahrenheit  at  the  temperature  of  maximum 
density,  or  from  39  to  40.  The  value  of  the  unit  of  evaporation 
is  a  "  constant  of  nature  "  which  does  not  depend  upon  tha 
definition  of  the  heat-unit. 

In  regard  to  the  guarantees  to  be  made  on  a  complete  electrical 
plant,  since  the  testing  of  the  plant  includes  three  separate 
tests — viz.:  that  of  the  boiler,  that  of  the  engine,  and  that  of  the 
dynamo — ^I  think  that  three  separate  guarantees  should  be  given, 
each  to  be  expressed  in  the  usual  commercial  manner.  The 
economical  performance  of  the  boiler  should  be  guaranteed  in 
terms  of  pounds  of  water  evaporated  from  and  at  212  degrees  per 
pound  combustible,  the  quality  of  the  coal  or  its  heating  value 
being  known,  or  it  may  be  stated  in  terms  of  efficiency,  or  the 
quotient  of  the  heat  utilized  by  the  boiler  per  pound  of  com- 


ON  BATING  ELECTRIC  POWER  PLANTS  736 

bnstible  diyided  by  the  beating  value  of  one  pound  of  com- 
bustible. The  guarantee  of  the  engine  should  be  given  in 
pounds  of  steam  used  per  indicated  horse-power  per  hour. 
That  of  the  dynamo,  if  coupled  direct  to  the  engine,  should  be 
stated  in  efficiency,  or  the  quotient  of  the  electrical  horse-power 
delivered  divided  by  the  indicated  horse-power  of  the  engine. 
For  scientific  comparisons  these  several  efficiencies  may  be  con- 
verted into  terms  of  heat-units,  but  I  do  not  think  the  heat-unit 
stuidard  is  desirable  in  commercial  guarantees. 

Frof.  William  S.  Aldrich.* — The  extent  and  limitations  of  the 
heat-unit  basis  have  been  well  stated  by  Mr.  Porter  in  saying 
that  the  engine  is  to  be  debited  with  the  heat  supplied  to  it 
and  to  the  pumps,  etc.,  on  its  account,  and  to  be  credited  with 
the  heat  converted  into  work.  While  this  was  outlined  in  Sec- 
tion 7,  it  is  of  sufficient  importance  to  require  a  separate 
paper.  As  in  the  case  of  pumping  plants,  the  contractor  for 
the  engine  "  should  be  permitted  to  specify,  if  he  desires,  the 
kind  of  feeding  apparatus  which  shall  be  used  during  the  test,'* 
and  we  might  add  the  kind  and  type  of  condensing  apparatus  to 
be  likewise  used.  Mr.  Kent  believes  that  the  heat-unit  standard 
may  be  all  right,  "  if  the  author  had  said  that  the  engine  and 
dynamo  part  of  the  plant  should  be  guaranteed  on  this  basis.'' 

The  boiler  performance  may  be  included,  if  so  desired,  but 
the  present  inherent  difficulties  of  the  case  are  well  stated  by 
Professor  Randolph.  Builders  and  contractors  will  probably 
have  much  to  say  regarding  this.  So  far  boiler-makers  prefer 
separate  contracts  and  tests. 

It  is  not  quite  clear  why  these  separate  contracts  and  tests 
should  be  made.  Why  should  the  performance  of  the  engine 
and  dynamo  be  separated  when  Mr.  Kent  proposes  to  have  the 
dynamo  guaranteed  in  terms  of  an  efficiency  based  on  the  indi- 
cated horse-power  of  the  engine  ?  Is  it  desirable  to  so  involve 
the  performance  of  the- engine  when  defining  the  efficiency  of 
the  dynamo?  No  doubt,  the  two  should  be  jointly  considered 
in  contracts  and  tests,  but  we  question  the  expediency  of  such 
an  efficiency  basis  for  the  dynamo.  Again,  why  should  the 
indicated  horse-power  of  the  engine  be  involved  at  all  in  a 
quantitative  manner  ?  It  is  certainly  eliminated  in  contracting 
and  testing  for  the  combined  economic  performance  of  engine 
and  dynamo,  whether  rating  such  as  proposed  by  Mr.  Kent  or 

*  Author's  closure,  under  the  Rules. 
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as  noted  in  the  paper.  To  make  a  contract  and  a  test  from  the 
electrical  output  of  dynamo  to  the  indicated  horse-power  of 
engine,  thence  from  the  latter  to  the  pounds  of  steam  per  indi- 
cated horse-power  per  hour,  introduces  the  entirely  unneces- 
sary intermediate  stage  or  step  of  the  indicated  horse-power  of 
engine.  Feed-water  measurements  per  hour  as  to  quantity  and 
temperature  will  give  the  quantity  of  heat  required  to  raise  all 
of  the  feed-water  from  its  temperature  to  that  of  the  steam  at 
the  boiler  pressure,  and  the  kilowatts  per  hour  at  specified  and 
•maintained  uniform  loads  on  the  dynamo  will  giye  the  electrical 
output.  Can  anything  more  be  settled  by  indicator-card  measure- 
ments of  the  horse-power  developed  by  the  engine  while  tested  ? 
Sources  of  error  are  at  once  introduced,  in  instruments  for 
speed  and  indicator  measurements  as  well  as  in  calculations 
therefrom,  whenever  the  indicated  horse-power  is  brought  into 
evidence ;  and  all  of  these  are  entirely  unnecessary  for  heat-unit 
ratings  for  the  purposes  noted  in  the  paper. 

Of  course,  so  long  as  heat  and  work  are  mutually  convertible 
the  performance  of  the  motive-power  machinery  of  the  plant 
might  be  equally  expressed,  either  as  an  efficiency  ratio  or  as 
output  in  work  units  per  input  in  heat  units.  Mr.  Kent  would 
advocate  the  efficiency  ratio  for  the  engine  and  dynamo  equip- 
ment ;  but  it  is  certain  that  the  duty  in  foot-pounds  (or  other 
work  units)  per  1,000,000  heat-units  supplied  has  recognized 
value  in  any  consideration  of  economic  performance. 

The  amount  of  heat  required  to  raise  one  pound  of  water  one 
degree  at  any  given  temperature  is  no  doubt  a  perfectly  definite 
quantity,  but  it  certainly  cannot  be  definitely  determined  with 
equal  precision  at  any  and  every  point  of  ihe  thermometric 
scale.  This  amount  of  heat,  when  once  determined,  may  be 
conveniently  expressed  in  units  of  energy,  and  the  theoretical 
C.  G.  8.  unit  of  heat  is  one  erg.  According  to  the  very  latest 
and  last  determinations,  the  amount  of -heat  required  to  raise  a 
mass  of  water  of  one  gramme  from  9.5  degrees  to  10.5  degrees  of 
the  scale  of  the  hydrogen  thermometer  is  equal  to  42,000,000 
ergs,  or  4.2  joules  or  a  "  calory."  The  whole  question  is  that  of 
determining  the  quantity  of  heat  required,  and  not  of  the  kind 
of  the  units  to  be  used.  It  would  really  seem  best  to  determine 
the  amount  of  heat  required  to  raise  a  given  mass  of  water  one 
degree  at  such  a  temperature  as  that  at  which  it  is  entirely 
possible  to  determine  its  equivalent  in  energy  units. 
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In  conjunction  with  Messrs.  F.  F.  Gaines  and  H.  E.  Williams, 
the  writer  presented  a  paper  at  a  former  meeting  of  the  Society, 
(December,  1895),  entitled  the  "  Proportions  of  High-Speed  En- 
gines." t  The  earlier  paper  explained  our  method  of  comparing 
practice  and  deriving  general  coefficients  for  use  in  formulas, 
but  it  gave  only  a  few  of  these  constants  by  way  of  illustration. 

Since  the  presentation  of  the  former  paper  a  similar  investi- 
gation has  been  made  upon  "low-speed"  engine  proportions, 
mainly  of  the  Corliss  type  ;  and  the  original  data,  with  some  ad- 
ditions, have  recently  been  revised. 

The  principal  results  are  now  presented,  with  several  of  the 
diagrams  which  It  was  thought  might  be  of  the  most  interest. 

No  elaborate  argument  in  justification  of  the  use  of  formulas 
for  the  purpose  of  designing  will  be  oflfered  in  connection  with 
this  paper.  The  writer  is  well  aware  of  the  prejudice  against 
such  instruments  in  certain  quarters,  and  he  has  himself  the 
most  profound  respect  for  that  sound  engineering  judgment 
which  often  properly  outweighs  computations.  In  explanation 
of  the  predominating  idea  underlying  this  work,  a  quotation  is 
made  from  the  introduction  of  the  paper  referred  to  above  : 

**  It  occurred  to  the  writer,  some  two  or  three  years  ago,  that 
it  might  be  possible  to  derive  formulas  which  would  express, 
more  or  less  closely,  the  general  conclusions  arrived  at  as  the 
result  of  experience  in  engine  construction.  These  formulas 
are  necessarily  empirical  in  the  sense  that  they  are  adjusted  to 
agree  with  observations  ;  but  they  should  be,  whenever  possible, 
rational  in  form.  That  is,  the  variables  should  enter  the  formu- 
las as  they  would  enter  purely  analytical  formulas ;  while  the 

*  Presented  at  tbe  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Meclianical  Eo^lneera,  and  forming  part  of  Volume  XVIII.  of  the  TranMctioiis. 
t  Transactwns  A.  S  M.  E.,  vol.  XTli.,  p.  117,  No.  670. 
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constants  would  be  derived  from  practice,  and  not  from  assumed 
working  strength,  bearing  pressures,  etc.  In  other  words,  the 
engine  in  actual  operation  takes  the  place  of  the  laboratory  test- 
ing machine  in  supplying  data  for  design. 

"  The  advantages  of  using  expressions  of  the  rational  form, 
rather  than  purely  empirical  formulas,  are :  first,  that  working 
stresses,  factors  of  safety,  etc.,  can  be  deduced  from  their  con- 
stants, and  that  these  constants  can  be  intelligently  modified  to 
meet  new  conditions ;  second,  that  they  can  be  applied  with 
greater  safety  somewhat  beyond  the  range  of  data  from  which 
they  are  obtained." 

The  original  computations  on  high-speed  engines  were  made 
by  Messrs.  Gaines  and  Williams  in  the  preparation  of  their 
graduating  thesis  in  1895.  The  work  on  low-speed  engines 
was  done  by  Messrs.  L.  J.  Gray  and  W.  S.  GoU,  and  was  pre- 
sented by  them  as  a  thesis  upon  graduation  from  Sibley  College, 
Cornell  University,  in  1896.  Mr.  T.  A.  Bennett  of  the  present 
senior  class,  in  the  same  institution,  has  assisted  in  putting  the 
data  into  the  shape  which  they  now  assume.  The  writer  desires 
to  acknowledge  his  obligations  to  these  gentlemen  for  their 
painstaking  efforts,  and  to  express  especially  his  great  appre- 
ciation of  the  liberality  with  which  many  prominent  engine- 
builders  responded  to  the  request  for  data. 

METHOD  OF  PROCEDURE. 

A  printed  form  with  spaces  for  insertion  of  over  fifty  items 
relating  to  the  proportions  of  parts  of  engines  was  prepared 
and  sent  to  various  leading  engine-builders,  many  of  whom 
filled  in  the  required  data  relating  to  from  three  to  sixteen  dif- 
ferent sizes  of  engines.  The  entire  collection  of  material  covers, 
more  or  less  completely,  nearly  200  engines,  ranging  from  20  to 
726  horse-power.  The  information  thus  obtained  was  classified 
for  comparison.  Thus,  for  example,  in  dealing  with  crank-pin 
and  main  journal  dimensions,  the  centre-crank  engines  cannot 
be  properly  compared  with  side-crank  engines,  while  the  pis- 
ton rods  of  such  engines  may  be  classed  together,  at  least  if  the 
rotative  speeds  are  not  too  widely  divergent. 

The  following  notation  is  used  throughout  this  paper  : 
D  =  diameter  of  piston ;  A  =  area  of  piston ;  L  =  length  of 
stroke  ;  S  =  steam  pressure,  taken  at  100  pounds  per  square 
inch   above  exhaust,   as  a  standard  pressure;  H.-P.   =^  rated 
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horse-power ;  N  =  revolutions  per  minute ;  C  =  a  constant. 
All  dimensions  in  inches,  unless  stated  to  the  contrary.  Other 
notation  is  explained  as  used. 

The  general  method  employed  in  deriving  the  various  expres- 
sions may  be  illustrated  by  reference  to  that  used  for  the  di- 
ameter of  the  crank  shaft  at  the  main  bearings.     (See  Fig.  235.) 

Crank  Shaft. — d  =  diameter  of  shaft.  The  formula  for  the 
diameter  of  a  shaft  which  is  subjected  to  torsion  is 

d  =.  C  ^  H.-P.  -r-  N,    if  the  moment  of  torsion  is  constant 

Crank  shafts  are  subject  to  variable  combined  bending  and 
twisting  moments ;  but  these  moments,  when  their  magnitude 
and  variation  are  known,  can  be  reduced  to  an  equivalent  twist- 
ing moment ;  hence  an  expression  of  the  above  form  applies  to 
the  case  in  hand,  if  the  ratios  between  bending  to  twisting  mo- 
ments and  between  maximum  and  mean  moments  are  constant 
These  ratios  should  not  affect  the  form  of  the  above  expression, 
but  only  the  value  of  the  numerical  coefficient  In  the  engines 
examined,  there  is  a  general  agreement  as  to  the  above  ratios  of 
moments  among  the  engines  of  the  same  class.  Of  course  this 
agreement  is  by  no  means  mathematically  exact ;  but  the  con- 
stants given  in  this  paper  are  only  intended  to  show  the  general 
trend  of  practice,  and  the  diagrams  exhibit  the  uniformity,  or 
lack  of  uniformity,  among  the  various  builders  as  to  certain 
proportions. 

From  the  data  at  hand,  points  were  plotted  on  cross-section 
paper  with  given  values  of  rf  as  ordinates,  and  the  corresponding 
values  of  'V^H.-P.  -?-  xV  as  abscissas.  Points  located  in  this  way 
are  indicated  by  small  circles  in  Fig.  235,  and  if  two  points,  de- 
rived from  different  engines,  coincide,  a  double  circle  is  used. 
All  points  obtained  from  the  engines  of  one  maker  are  connected 
by  a  conventional  line.  The  broken  character  of  some  of  the 
lines  representing  the  dimensions  of  a  single  builder  may  be 
accounted  for  in  part  by  the  use  of  common  fractions  of  an 
inch  and  by  the  frequent  practice  of  using  the  same  frame, 
crank  shaft,  etc.,  with  different  cylinders. 

The  heavy  full  line  is  drawn  to  represent  the  average  of  the 
observations,  and  lines  are  also  drawn  to  embrace  the  extreme 
points.  From  the  equations  of  these  lines  formulas  are  derived 
which  represent  the  average  and  extremes  of  practice,  as  shown 
by  the  engines  examined.  The  three  formulas  thus  obtained 
differ  only  in  the  values  of  the  constants. 


740  PURRENT  PRACTICE  IN   ENGINE  PROPORTIONS. 

The  following  results  are  derived  from  about  eighty  separate 
engines  classed  as  high-speed  engines,  and  about  eighty-five 
engines  classed  as  low-speed  engines.  Those  in  the  former 
class  range  from  20  to  240  horse-power,  and  they  represent  the 
practice  of  thirteen  different  builders.  Those  in  the  second 
class  range  from  45  to  740  horse-power,  and  they  represent 
twelve  different  builders.  Some  of  the  data  received  could  not, 
for  various  reasons,  be  used  to  advantage  in  our  work.  In  some 
instances  the  number  of  engines  considered  was  necessarily  less 
than  the  above,  but  very  few  of  the  following  coefficients  are 
derived  from  less  than  fifty  separate  engines. 

All  of  the  engines  from  which  these  coefficients  were  derived 
are  commercial  forms  which  have  been  subjected  to  years  of 
service;  therefore  it  is  probable  that  dimensions  somewhat 
smaller  than  those  corresponding  to  the  mean  values  of  the 
various  constants  would  secure  reasonable  safety  under  ordi- 
nary conditions.  Commercial  or  engineering  advantages  may 
warrant  the  use  of  larger  members  in  many  cases. 

The  data  used  are  all  from  simple  engines,  but  it  is  believed 
that  many  of  the  results  may  be  applied  to  compound  engines 
by  modifying  them  to  comply  with  well-known  relations. 

THE  CYLINDER. 

Data  on  thickness  of  cylinder  walls  (shell),  flanges,  cylinder 
heads,  and  cylinder  head  bolts  were  obtained  only  for  the 
engines  classed  as  low-speed.* 

Thickness  of  Walls  (Fig.  228).— The  shell  of  the  cylinder  must 
have  sufficient  thickness  to  resist  the  maximum  bursting  action 
and  to  avoid  objectionable  deformation,  even  after  the  cylinder 
has  been  rebored  one  or  more  times ;  and  in  small  cylinders, 
for  moderate  pressures,  the  thickness  necessary  to  insure  good 
castings  may  be  the  prime  requirement.  Such  considerations 
have  led  to  the  proposal  of  empirical  formulas  in  which  the 
steam  pressure  does  not  appear.  While  the  use  of  this  class  of 
formulas  is  not  in  strict  accord  with  a  leading  idea  of  the  work 
here  described,  it  has  seemed  well  to  adopt  such  an  expression 
in  this  instance. 

*  Engines  classed  as  "  low-speed  *'  are  Corliss  or  other  long-stroke  engines 
usually  making  not  more  than  100  or  125  revolutions  per  minute.  Those  classed 
as  **  bigh-speed  '*  engines  have,  generally,  a  stroke  of  from  one  to  one  and  a  half 
diameters,  with  a  prevailing  rotative  speed  of  200  to  800  revolutions  per  minute. 
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The    general   form   of   the    expression    that    is    very   often 
employed : 

t=CD  +  B, 

in  which  i  =  the  thickness  of  the  shell  in  inches,  D  =  the  diam- 
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eter  of  the.  piston  in  inches,  and  C  and  B  are  the  constants. 
From  the  engines  specified  above  (see  Fig.  228)  it  is  found  that 
C  varies  from  .04  to  .06,  and  that  5  =  .3  inch. 
The  general  practice  is  expressed  approximately  by 
t  =  MD  +  .3  inch. 

48 
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It  seems  not  unreasonable  to  look  upon  the  added  constant 
of  0.3  inch,  found  above,  as  an  allowance  for  reboring,  etc,  and 
the  coefficient  C  as  one  which  should  vary  with  the  steam  pres- 
sure. The  engines  considered  in  deriving  the  values  given  are 
all  rated  on  from  80  to  100  pounds  pressure;  hence,  in  using 
this  formula  for  higher  pressures  it  would  seem  advisable  to 
increase  the  value  of  C  proportionally.  Looked  at  from  this 
standpoint,  the  above  formula  becomes  a  rational  one. 

Flanges  and  Cylinder  Ileada. — ^The  flanges  and  the  cylinder 
heads  usually  have  the  same  general  thickness.  This  is  found  to 
vary  from  1.0  to  1.5  times  the  thickness  of  the  shell,  the  mean 
value  being  about  1.2  times  the  thickness  of  the  cylinder  walL 

Oylinder  Head  StiuU, — There  is  no  general  agreement  as  to  the 
number  of  studs  nor  their  diameters.  In  the  above-specified 
low-speed  engines  none  have  studs  less  than  f  inch  or  more 
than  If  inches  diameter.  The  least  number  of  bolts  is  8  for  a 
cylinder  10  inches  diameter,  and  the  greatest  number  is  32  for 
a  cylinder  24  inches  diameter. 

A  large  number  of  small  bolts,  as  against  a  small  number  of 
large  bolts,  tends  to  secure  tightness  of  the  joint;  but  the 
smaller  bqlts  are  subjected  to  greater  stress  in  screwing  up. 
It  may  be  mentioned  in  this  connection  that  experiments,  made 
under  the  direction  of  the  writer,  show  that  the  stress  at  the 
bottom  of  the  thread,  due  to  screwing  up  a  bolt,  may  equal  or 

30  000 
exceed  — ^^ —  pounds  per  square  inch,  in  which  d  =  the  nomi- 
nal diameter  of  the  boli 

The  average  number  of  bolts  used  in  each  head  of  the  above 
engines  is  given  approximately  by 

n  =  .72), 
in  which  n  =  number  of  bolts,  and  D  =  diameter  of  piston  in 
inches.     Of  course  the  number  given  by  this  rule  would  usually 
be  modified  to  secure  an  even  number. 

The  general  practice  as  to  diameter  of  studs  is  represented 
nearly  by 

^=5  +  1^''^^' 

d  being  the  nominal  diameter  of  the  studs. 
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PORTS  AND  PIPES. 

Jrecw  of  Ports  and  Pipes, — 

Area  of  port  (or  pipe)  =  a,  in  square  inches. 
Area  of  piston  —  ^,  in  square  inches. 
Mean  piston  speed  —  V,  in  feet  per  minute. 
The  relation  of  port  area  (or  pipe  area)  to  area  of  piston  and 
mean  piston  velocity  is  expressed  by 

AF 

in  which  C  is  the  mean  velocity  of  steam  through  the  port,  or 
pipe,  in  feet  per  minute. 

Ports — High-Speed  Engines. — (The  same  ports  used  for  steam 
and  exhaust.) 

For  the  general  practice  it  is  found  that 
Mean  value  of  (7  =  6,600. 
Maximum  value  of  (7=6,500. 
Minimum  value  of  0  =  4,500. 
As  the  piston  speed  is  quite  constant  for  a  large  number  of 
these  engines  (about  600  feet  per  minute),  the  area  of  port  may 
be  conveniently  expressed  by 

in  which  if  is  as  follows  for  the  general  practice  : 
Mean  value  oi  K  -=■  .11. 
Maximum  value  of  JT  =  .13. 
Minimum  value  of  J?  =  .09. 
Area  of  Steam  Ports — Low^Speed  Engine. — (Separate  ports 
for  exhaust.) 

For  these  engines  it  is  found  that  the  general  practice  is 
represented  by 

Mean  value  of  C=  6,800. 
Maximum  value  of  C  =  9,000. 
Minimum  value  of  (7  =  5,000. 
In  the  relation  a  =  KAy  K  varies  for  the  general  practice 
with  these  engines  as  follows  : 

Mean  value  of  fi^  =  .09. 
Maximum  value  oi  K  ^  .10. 
Minimum  value  of  JT  =  .08. 
Exhaust  Ports — Low-Speed  Engines. — With  the  same  forms  of 
expressions  as  above,  designating  area  of  the  exhaust  port  by 
a,  it  is  found  that 
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Mean  value  of  C  =  5,600. 
Maximum  value  of  (7  =  7,000. 
Minimum  value  of  (7  =  4,000. 

Mean  value  of  ^  =  .11  =  \. 
Maximum  value  of  ^  =  .125  =  ^. 
Minimum  value  of  -£"  =  .10  =  ^^. 

AV 
Steam  Pipes — Uigh-Speed  Engines, — In  the  expression  a  =  -j^ 

Mean  value  of  C  =  6,500. 

Maximum  value  of  (7  =  7,000. 

Minimum  value  of  C  =  5,800. 
As  the  piston  speed  is  approximately  the  same  in  many  of  the 
cases,  it  is  convenient  to  use  the  relation 

d^KD. 
It  is  found  that 

Mean  value  of  Jf  =  .30. 

Maximum  value  of  Z'  =  .32. 

Minimum  value  of  ^  =  .29. 
Steam  Pipes — Low-Speed  Engines.-^'^iiAi  these  engines  it  is 
found  that 

Mean  value  of  C'  =  6,000. 

Maximum  value  of  (7  =  8,000. 

Minimum  value  of  (7  =  5,000. 

Mean  value  of  JT  =  .32. 
Maximum  value  oi  K'=  .35. 
Minimum  value  of  ^  =  .27. 
Exhxmst  Pipes — High-Speed  Engines. — 
Mean  value  of  (7  =  4,400. 
Maximum  value  of  (7  =  5,500. 
Minimum  value  ot  C=  2,500. 

Mean  value  of  ^=  .37. 
Maximum  value  of  JT  =  .50. 
Minimum  value  of  ^  =  .33. 
Exhaust  Pipes — Low-Speed  Engines, — 
Mean  value  of  (7  =  3,800. 
Maximum  value  of  C  =  4,700. 
Minimum  value  of  (7  =  2,800. 

Mean  value  of  fi'  =  .40. 
Maximum  value  of  -K"  =  .45. 
Minimum  value  oi  K  =  .35. 
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FACE    OF  PISTONS. 

It  is  not  to  be  expected  that  any  very  general  agreement  will 
be  found  in  the  practice  of  variouB  builders  as  to  the  face,  or 
width,  of  pistons. 

*  The  following  expression,  in  which  F  =  face  of  piston,  was 
employed  to  express  the  relation  of  face  of  piston  to  diameter 
of  piston: 

F^  CD. 
High-Speed  Engines. — 

Mean  value  of  C  =  .46. 

Maximum  value  ot  0  =  .60. 

Minimum  value  of  (7  =  .30. 
LoiC'Speed  Engines. — 

Mean  value  of  (7  =  .32. 

Maximum  value  of  (7  =  .45.  , 

Minimum  value  of  (7  =  .25. 
No  data  were  obtained  on  the  thickness  of  piston  walls. 

PISTON    RODS. 

There  are  several  methods  of  treating  this  member  analyti- 
cally, any  of  which  might  be  taken  as  the  basis  of  a  formula  in 
deriving  constants  by  thp  general  method  used  in  this  investi- 
gation. 

It  has  seemed  best  to  treat  it  as  a  long  strut,  to  be  designed  for 
rigidity,  inasmuch  as  any  considerable  buckling  or  flexure  of  the 
rod  would  induce  objectionable  friction  and  wear  at  the  stuffing 
box,  or  possibly  cramping  of  the  piston.  The  Euler  formula 
has  been  followed.     It  has  the  form 

in  which  E  =  the  modulus  of  elasticity  ;  /  =  moment  of  inertia 
for  the  section ;  L^  =  the  length  of  the  strut ;  and  P  =  the 
greatest  load  consistent  with  stability.  The  value  of  the  con- 
stant J5r depends  upon  the  end  conditions ;  that  is,  upon  whether 
the  ends  of  the  strut  are  "  fixed  '*  or  pivoted,  free  or  guided. 
The  piston  rod  is  considered  as  coming  under  the  case  in  which 
the  strut  is  fixed  at  one  end  and  fj^ee  at  the  other.     It  may  be 

*  Only  horizontal  engines  are  inclacled  in  deriving  the  following  coefficients. 
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urged  that  the  guides  constrain  the  outer  end ;  but  many  forms 
of  guides  are  poorly  adapted  to  exert  constraint  against  lateral 
flexure,  and  it  is  better  to  provide  the  slight  increase  of  diame- 
ter required  to  avoid  such  side  pressure  on  the  guides.  In  thia 
case 

or 

^  ""  4  iV 

P=^S-Tiy\     i^^d}\  ii  (in  plotting)  is   taken  equal  to 

length  of  stroke  Z.  Of  course  the  free  length  of  a  piston 
rod  is  always  somewhat  greater  than  the  length  of  stroke  ;  but 
their  ratio  is  not  very  different  in  most  engines  of  a  similar 
class ;  hence  we  may  use  L  for  Zi,  with  proper  modification  of 
the  constant  involved  in  the  formula. 

General  practice  will  be  assumed  to  show  that  the  free  length 
of  piston  rod  Zi  =  1.2/^  for  high-speed  engines,  or  that  Z*i 
=  1.4Z* ;  and  that  Z,  =  1.1  Z  for  low-speed  en^es,  or  L^  = 
1.2Z:i 

Assuming  /9  as  a  standard  steam  pressure  of  100  pounds  per 
square  inch,  and  that  E  =  30,000,000,  the  Euler  expression 
takes  the  form  for  high-speed  engines  (with  Lx  =  1.4Z') : 

100  ^^_^  >^  30,000,000  ndf^ 
^  4    -     4  X  \AD  X  64    * 
or 

M  _64  X  100  X  1.4    ^^,. 
~  30,000,000  TT^  l^^^ 


therefore  d  =.074  a/^Z  * 

In  a  similar  way  for  the  low-speed  engines  : 

d  =  mV^DL  (taking  U  =  1.2Z^. 

Both  of  these  expressions  are  for  a  factor  of  safety  of  unity. 
The  general  form  for  each  of  these  expressions  is 

d^Cs/DL' 

The  actual  data  for  the  two  classes  of  engines  are  treated  as 
follows : 

The  diameter  of  rod  for  a  given  engine  is  plotted  as  an 
ordinate,  and  the  value  of  VDL^  for  the  same  engine,  is  plotted 
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as  an  abscissa,  and  so  on  for  each  engine  of  which  the  data  are 
available.  A  curve  (straight  line  in  this  and  many  other  cases) 
is  drawn  to  represent  the  mean  of  all  such  points ;  also  lines 
to  include  the  extreme  points,  unless  a  few  of  these  are  found 
to  be  much  out  of  the  general  range.  (See  Fig.  229.)  The  equa- 
tions of  these  three  lines  give  the  mean,  maximum,  and  minimum 
values  of  the  coefficient  C  for  the  practice  represented  by  the 
engines  examined. 
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Fiston  Bods  of  High-Speed  Engines  (Pig.  229).— 
Mean  value  of  C  =  .145. 
Maximum  value  of  C  =  .175. 
Minimum  value  oi  C  =  .12. 
It  will  be  seen  that  this  mean  value  of  C  will  give  a  diameter 
of  rod  greater  than  that  required  with  a  factor  of  safety  of  unity 
in   the  ratio  of  .145  to  .074,  or  of  2  to   1  (nearly).     As  the 
strength  of  the  long  strut  varies  as  the  fourth  power  of  the 

/ 145\* 
diameter,  the  factor  of  safety  is  (-^77)  =  16- 
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Pistm  Bods  of  Low-Speed  Engines  (Fig.  230).— 

Mean  value  of  (7  =  .11. 

Maximum  value  of  C  =  .13. 

Minimum  value  of  C  =  .10. 
The  diameter  given  by  this  mean  value  of  C^  is  to  the  diameter 
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with  factor  of  safety  of  unity  as  .11  to  .07,  or  as  1.57  to  1. 
This  corresponds  to  a  factor  of  safety  ^M  7)7 )  =  6- 

While  the  conditions  under  which  a  high-speed  engine  oper- 
ates may  make  a  higher  factor  of  safety  proper  with  this  type, 
it  may  be  questioned  whether  so  great  a  difference  is  really 
necessary.  Two  elements,  not  yet  mentioned,  should  be  con- 
sidered in  this  connection,  however.  The  body  of  the  rod  should 
be  not  only  stiff  enough  as  a  long  strut,  but  the  ends,  where 
they  are  reduced  by  screw  threads  or  key-ways,  must  have  a 
section  sufficient  for  the  direct  stress  (tension  and  compression). 
The  area  of  these  reduced  sections  should  be  about  the  same 
for  engines  of  the  same  diameter  (with  similar  materials  and 
steam  pressure),  regardless  of  the  length  of  stroke ;  hence 
the  diameter  of  body  of  the  rod  which  provides  the  required 
reduced  area  will  give  a  greater  margin  with  the  shorter 
strokes.     Furthermore : 

Since  the  strength  of  the  long  strut  increases  as  the  fourth 
power  of  the  diameter,  it  requires  an  increase  of  diameter  of 
less  than  20  per  cent,  to  double  the  factor  of  safety ;  therefore 
the  tendency  to  provide  somewhat  greater  dimensions  with 
high-speed  engines  than  are  common  in  low-speed  engines  of 
similar  diameter  of  piston  may  easily  lead  to  an  excessive 
increase  in  the  factor  of  safety  in  such  a  member  as  the  piston 
rod. 

CONNECTING  RODS. 

These  are  treated,  like  the  piston  rods,  as  long  strute,  except 
that  the  constants  are  different,  owing  to  the  end  conditions. 
The  connecting  rod  is  "  pin  ended,"  or  round  ended,  as  regards 
buckling  in  the  plane  of  ite  motion,  while  it  is  to  be  treated  as 
"square  ended"  against  lateral  deflection.  Bods  of  circular 
cross  section  need  only  be  considered  with  reference  to  the 
plane  in  which  they  are  most  liable  to  buckle  ;  viz.,  in  the  plane 
of  their  motion.  Bods  of  rectangular  section  (or  of  approxi- 
mately rectangular  section)  are  liable  to  buckle  in  either  plane, 
depending  upon  the  relation  of  the  height,  A,  to  the  breadth 
(thickness),  J,  of  the  section. 

The  Euler  formula  for  a  pin-ended  strut  is 

7>  -  ^^^ 
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and  for  a  square-ended  stmt  it  is 

in  which  P  is  the  greatest  load  consistent  with  stability ;  ^is 
the  modulus  of  elasticity ;  /  is  the  moment  of  inertia  of  the 
mid-section  ;  and  L^  is  the  length  of  the  struts. 


FlQ.  231. 

THICKNESS  OP 
CONNCCTINQ    ROD 

(MID-aECTION) 

HIOH  SPCCO  CNaiNCS. 

CD-  ^(UL)  y  -  ThickneM  (breadtli). 


2   4   6   8   10  12  14  16  18  SO  22  24  26  28  30  32  34 
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Connecting  Rods  of  High-Speed  Engines  (Fig.  231). — (Rectangu- 
lar sections  only.) 

Connecting  rods  generally  six  cranks  long. 

It  can  be  shown  from  the  above  expressions  that  a'rectangular 
strut  with  end  conditions  as  in  connecting  rods^  under  static 
load,  should  have  a  cross  section  such  that  the  dimension  in 
the  plane  of  the  pin  axes  is  one-half  of  the  dimension  perpen- 
dicular to  this  plane,  or  A  =  26.  In  engine  connecting  rods,  the 
value  of  A  is  considerably  greater  than  26.  This  excess  of  h 
over  26  may  be  considered  as  an  allowance  for  the  inertia 
action  (centrifugal  throw)  on  the  rod ;  that  is,  we  may  consider 
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the  strength  of  the  rod  against  the  thrust  as  determined  by  the 
'breadth  b  and  a  height  2&.    Then,  for  lateral  flexure. 

With  a  load  P  =  \^iy^S  (in*  which  S  is  taken  at  100  pounds 
per  square  inch),  a  factor  of  safety  of  unity,  and  E  =  30,000,000  : 

^nLF   X    100  =  ^7z^  X   30,000,000   x  ~-^ 


Therefore  Ir  =  mWBU 

Adopting  the  expression  

h  =  C^/^I,         

for  the  connecting  rods,  plotting  b  and  ^/DI^  of  each  engine 
as  coordinates,  and  drawing  lines  to  represent  the  mean, 
maximum,  and  minimum  of  the  general  practice,  the  following 
values  of  C  are  obtained : 

Mean  value  of  (7  =  .057. 

Maximum  value  of  (7  =  .07. 

Minimum  value  of  C  =  .045. 

-TjoT )  =  27. 

A  comparison  of  the  height.  A,  and  breadth,  \  at  mid-section 
of  the  above  rods  shows  that  in  the  relation  h  •=  Kb^ 
Mean  value  of  ^=  2.7. 
Maximum  value  ol  K=  4.0. 
Minimum  value  of  Jr=  2.2. 
Connecting  Rods  of  Low^Speed  Engines  (Fig.  232). — (Circular 
sections  only.) 
Connecting  rods  generally  five  and  a  half  cranks  long. 
For  flexure  in  the  plane  of  motion 

\nD'S  =  5;ri>»  X  100  =  ;r»  X  30,000,000  x  -^^,. 
4  4  o4xyi' 

Therefore  d  =  .048\/2>Z'i  (for  factor  of  safety  of  unity). 

Using  the  general  expression 

(/=  C\/lyL[, 

plotting  d  ^vA\/ DLi  as  the  coordinates,  and  drawing  mean  and 

extreme  lines  as  before  : 

Mean  value  of  C  =  .092. 

Maximum  value  of  (7  =  .106. 

Minimum  value  of  (7  =  .082. 


752 


CUBBENT  PRACTICE  IN   ENGINE  PB0P0BTI0N8. 


This  mean  value  of  C  indicates  a  factor  of  safety  (neglecting 
the  whipping  of  the  rod)  of 

®'=  - 

CBOSSHEAD   SHOES. 

The  area  of  the  crosshead  shoes  which  sustain  the  vertical 
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DIAMCTCII  OP 
CONNECTING  ROD 

.    (MID -SECTION) 
LOW  SPECD  CNOINCS. 
dr-DianMter  of  Rod:  y-^SST 
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component  of  the  force  on  the  connecting  rod  is  expressed  in 
relation  to  the  area  of  the  piston  by 

The  maximum  pressure  per  square  inch  of  shoe,  p  (if  the 
steam  follows  up  for  half  stroke),  is  nearly  equal  to  SA  -^  luxy 
in  which  n  is  the  ratio  of  connecting  rod  length  to  the  crank. 
Hence,  with  8  =  100  pounds  per  square  inch  : 

100  J      100  J      100, 
P  =    nV  =  nCA  =  nC  ^^^^^^y^' 
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Crosshead  Shoes  of  High-Speed  Engines,^ 

_  100  _  17 

Mean  value  oi  C  =^    .63. 
Maximum  value  of  (7  =  1.60. 
Minimum  value  of  C  =    .46, 
Mean  value  of^  =  27. 
Maximum  value  of  ^  =  38. 
Minimum  value  of  ^  =  10.5. 
Crosshead  Shoes  of  Lovo-Speed  Engines.^ 

_  100  _  18.5 
^"b.bC    C'' 
^  Mean  value  oi  C  =  .46. 
Maximum  value  of  (7  =  .64. 
Minimum  value  of  6^  =  .32. 
Mean  value  oip  =  40. 
Maximum  value  of  j?  =   58. 
Minimum  value  of  jr>  =   29. 

CROSSHEAD   PINS. 

The  relation  of  the  projected  area  of  crosshead  pin  to  area  of 
piston  is 

a={dl)=  CA. 
The  ratio  of  diameter  to  length  of  crosshead  pin  is  expressed 
by  I  =  Ed. 

Crosshead  Pins  of  High-Speed  Engines. — 

Mean  value  of  C  =  .08. 

Maximum  value  of  C  =  .11. 

Minimum  value  of  (7  =  .06. 

Mean  value  of  K  =  1.25. 

Maximum  value  ol  K  ^  2.0. 

Minimum  value  of  ^=.  1.0. 
Crosshead  Pins  of  IxrvoSpeed  Engines. — 

Mean  value  of  C  =  .07. 

Maximum  value  of  (7  =  .10. 

Minimum  value  of  6^  =  .064. 

Mean  value  of  K  =  1.3. 

Maximum  value  of  E  =  1.5. 

Minimum  value  ol  K  =  1.0. 
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ORANK  PIN. 

The  lost  work  per  minute  due  to  friction  of  a  journal  may  be 
expressed  by  P}indNy  in  which  P^  mean  pressure  on  the 
journal ;  d  —  diameter  of  the  journal ;  N  =  revolutions  per 
minute ;  and  /i  =  the  coefficient  of  friction. 

The  ,heat  resulting  from  this  frictional  work  is  dissipated 
through  a  surface  which  is  proportional  to  the  projected  area 
of  the  journal  ((2/),  and  reason  and  experience  indicate  that 
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LENfiTM   Ar  CRANK    PIN 

HIGH  SPCED  ENOINKS. 

• 

m  _  H-P.    «/_T.*B«th  of  Oraak  Pin 

A  - 

-J 
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"B.IT" 

this  projected  area  should  be  about  proportional  to  the  heat 

so  dissipated. 

Therefore 

PuTidX  _  PunK  _  ^ 

~~dr  • — r~-^- 

Therefore      • 

I — 3r- 

In  an  engine,  if  P  =  the  mean  total  pressure  on  piston, 
.12  X  33,000  H.-P. 


P=- 


2Zir 
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Therefore 

_  12  X  33,000  X  /i;rH..P._  ^H.-P. 

Upon  plotting  the  data,  it  was   foand   that   the   length   is 
expressed  better  by  the  form 
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(in  which  jff  is  an  added  constant)  than  by  the  above  rational 
form. 
Projected  area  of  crank  pin  :  (<//)  =  KA, 
Vrank  Pins  of  High-Speed  Engines  (Fig.  233). — 

Mean  value  of  C  =  .30  ;  of  5  =  2.6". 

Maximum  value  of  C'  =  .46 ;  of  ^  =  2.5". 

Minimum  value  of  C  =  .13  ;  ol  B  •=  2.5". 


Mean  value  ot  K=  .24. 
Maximum  value  of  ^  =  .44 
Minimum  value  ol  K  =  ,17. 
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Crunk  Pins  of  Low-Speed  Engines  (Fig.  234). — 

Mean  value  of  (7  =  .6 ;  of  5  =  2 '. 

Maximum  value  of  C=  .8  ;  ol  B  =  2". 

Minimum  value  of  (7  =  .4  ;  of  j5  =  2". 

Mean  value  ot  £=  .09. 
Maximum  value  of  JT  =  .115. 
Minimum  value  ol  K=^  .066. 


-        yz 

V     <<^-^ 

v2*^/     , 

-J^\>     i 

1 

,Z     ^  c^ 

^%     2>^ 

^s^g^"^^  ^^ 

^W-r^%^     7-^^ 

Aj/Z^  JC7 

.^<^J//^/     y,>' 

it     /7~^tiZ^\^^ 

^2^25^'^ 

-z^-^^^^S^^    - 

^^'  ,«.-i-^--f 

A    J^^r^'' 

/Ampf 

4                                                                              ^ 

^,^i>r^ 

^55 

^S^>_u               it 

^^^ 

f^v*' 

8                       ^^^s2 

^ 

'                          ^  ^^ 

-.^^^y^ 

-7  y^'!:- 

FlO.  230. 

2                                         ^^^^^ 

DIAMCTCR  or 

/^<^ 

_               ^^2^ 

— 1 —                       MAIrl     JOURIlAL 

itX      -^2> 

i                        HIGH   SPCCO   CNQINCS. 

1            ^^^^                      I^ 

fP  ■■  NH-P  -  1/ — lUam  .of  Jonnuri 

^         -.2^ 

1                     N 

i^ 

j        -.-^                       _.          _         —      _,   ., 

4^                                        r 

I 

0^- 

1            1 

0  .10  .20  .80  .40  .50  .60  .70  .80  90         1.0» 


CRANK  SHAFTS   MAIN  JOURNALS, 


The  method  of  treating  the  diameter  of  the  crank  shaft  at 
main  journal  was  referred  to  in  the  introductory  portion  of  this 
paper.     The  expression  used  is 


d=C^\ 


H.-P. 


The  ratio  of  length  to  diameter  of  main  journal  is  expressed  by 
l  =  Kd. 

The  projected  area  of  the  main  journal  is  given  in  terms  of 
the  piston  area  by  dl  —  MA. 
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Main  Journals  of  High-Speed  Engines  *  (Figs.  235,  237). 
Mean  value  of  C*  =  7.3. 
Maximum  value  of  (7  =  8.5. 
Minimum  value  oi  0=  6.5. 

Mean  value  ot  IC  =  2.2 
Maximum  value  ol  K=  3.0. 
Minimum  value  oi  K=  2.0. 

Mean  value  of  i/  —  .46. 
Maximum  value  ot  21  =  .70. 
Minimum  value  of  M  =  .37. 
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Main  Journals  of  Low-Speed  Engines  t  (Fig.  236).- 
Mean  value  of  (7  =  6.8. 
Maximum  value  of  C  =  8.0. 
Minimum  value  oiC  —  6.0. 

Meian  value  ot  K  =  1.9. 
Maximum  value  of  jfiT  =  2.1 
Minimum  value  of  JT  =  1.7. 


♦  These  values  are  for  each  of  the  two  journals  of  centre-crank  engines. 
f  One  journal  only  *  side-crank  engines. 
49 
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Mean  value  oi  M  =  .56. 
Maximum  value  of  J/  =  .64. 
Minimum  value  oi  M=  .46. 


PISTON   SPEED. 


The   mean  piston  speed,  or  the  piston   travel  in  feet  per 
minute,  is 
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X  -  Area  Of  Piston; 

V  -  Projected  Area  of  Journal 
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High-Speed  Engines. — 

Mean  value  of  F=  600. 
Maximum  value  of  F  =  660. 
Minimum  value  of  F=  530, 

LoW'Speed  Engines, — 

Mean  value  of  F=  600. 
Maximum  value  of  F=  850. 
Minimum  value  of  F  =  500. 
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WEIGHT  OF  BECIPBOCATING  PARTS. 

The  weight  of  piston,  piston  rod,  crosshead,  and  connecting 
rod  was  obtained.  These  weights  are  plotted  only  for  the 
high-speed  engines  (Fig.  238). 

.  For    engines    having    similar    compression,   smoothness    of 
running  (in  passing  the  dead-points)  indicates  that  the  weight 

of  reciprocating  parts,    TT,   should  be   proportional    ^-j^IV^' 
Taking  the  reciprocating  parts  as  made  up  of  the  piston,  piston 
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rod,  crosshead,  and  one-half  the  connecting  rod,  the  diagram  of 
Fig.  238  was  obtained  by  plotting  the  weight  of  these  parts  as 

abscissas,  and  the  corresponding  values  of  y^  as  ordinates* 

Mean  value  of  6"  =  1 ,860,000. 
Maximum  value  of  C'  =  2,300,000. 
Minimum  value  of  C  =  1,200,000. 
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BELT  8UBFAGE  FEB  L  H.-P. 

The  relation  of  belt  width  and  velooitj  to  the  indicated 
horse-power  is  expressed  hj  S=  C  (H.-P.),  in  which  S  is  the 
product  of  the  width  of  belt  in  feet  multiplied  by  the  yelocity  of 
the  belt  in  feet  per  minute. 
*  High-Speed  Engines, — 

Mean  value  ol  C  =  55. 
Maximum  value  ol  C  =  70. 
Minimum  value  of  (7  =  40. 


Low-Speed  Engines. — 

Mean  value  o(  C  =  35. 
Maximum  value  of  6^  =  42. 
Minimum  value  oi  C  =  30. 


♦  It  is  observed  from  the  diagram  plotted  for  belt  surface  per  I.  H.-P..  with 
the  high-Rpeed  engines,  that  the  smaller  engines  have  the  greater  sarface  per 
H.-P.  This  is  perhaps  ov^ing  to  the  thinner  belts  used  with  small  engines.  As 
a  resalt,  the  mean  line  on  this  diagram  does  not  pass  through  the  origin,  and 
the  relation  of  >S^to  H.-P.  is  expressed  more  accurately  hy  8=  (7 H.-P.  +  B,  in 
which  B  =  1,800 ;  and  C  varies  from  21  to  40,  the  mean  value  of  C  being  about  38. 
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FLYWHEEL. 


Data  as  to  the  flywheels  were  obtained  for  the  high-speed 
engines  only  (Fig.  239). 

The  weight  of  rim  is  expressed  by 


W  = 


in  which  W  =  weight  of  the  rim  in  pounds,  and  Di  =  diameter 
of  the  wheel  in  inches. 
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Mean  value  of  C  =  1,200,000,000,000. 
Maximum  value  of  C  =  2,000,000,000,000. 
Minimum  value  of  (7=  650,000,000,000. 
The  velocity  of  rim  in  these  engines  has  a  general  value  of 
about  4,200  feet  per  minute,  or  70  feet  per  second. 


WEIGHT   OF  ENGINE   PER   I.    H.-P. 


The  weight  of  engine  (including  flywheel)  per  L  H.-P.  is 
Tr=  (7  H.-P. 
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High-Speed  Engines, — 

Mean  value  of  (7  =  115. 

Maximum  value  of  C  =  135. 

Minimum  value  of  (7  =  100. 
Low-Speed  Engines  (Fig.  240). — 

Mean  value  of  6'=  175. 

Maximum  value  of  C  =  240. 

Minimum  value  of  C  =  135. 

DISCUSSION. 

Mr.  William  Kent — The  paper  does  not  need  discussion.  It 
is  all  right.  But  I  would  suggest  to  Professor  Barr  that  he* 
might  put  a  little  footnote  underneath  it,  and  say  for  the  bene- 
fit of  future  students  if  what  he  means  by  low  speed  and  high 
speed  is  what  we  now  know  by  these  terms.  In  a  few  years 
these  terms  are  likely  to  be  as  obsolete  as  the  terms  high  and 
low  pressure  and  nominal  horse-power.  What  is  now  called  a 
low-speed  engine — that  is,  a  long  stroke  engine — is  apt  to  have  a 
much  higher  piston  speed  than  any  so-called  high-speed  engine — 
that  is,  a  short-stroke  engine — although  the  latter  may  have  a 
higher  number  of  revolutions  per  minute. 

Mr.  Frederick  A.  Scheffler,  —On  page  742  I  note  that  the  author 
states  that  the  engines  considered  in  deriving  the  values  given 
are  all  rated  on  from  80  to  100  pounds  pressure.  It  seems  to 
me  that  in  these  days,  when  we  are  using  pressures  so  much 
higher  than  100  pounds,  it  would  have  been  very  desirable  to 
give  us  some  direct  information  in  the  paper  on  pressures  up 
to  150  pounds,  without  having  to  use  our  own  judgment  as  to 
the  value  of  C  or  increasing  that. 

Prof.  W.  S.  Aldrich. — As  was  shown  in  the  former  paper  *  by 
Professor  Barr,  the  length  of  the  crank  pin  is  a  feature  of  en- 
gine design  which  shows  the  most  erratic  guesswork.  The  dia- 
gram (Fig.  233)  introduces  us  again  to  something  that  seems  to 
be  the  veiy  bane  of  the  engine  designer's  existence — the  deter- 
mination of 'the  length  of  the  crank  pin.  Now  compare  this 
diagram  with  the  remarkably  uniform  distribution  of  points,  for 
all  such  parts  of  steam-engine  design  as  are  capable  of  being 
deduced  by  rational  formulae,  such  as  the  diameters  of  the  piston 

♦  Transactions  of  the  A.  S.  M.  E.,  vol.  xvii.,  No.  670,  on  "The  Proporiioiui 
of  the  High-Speed  Engines,'*  by  J.  H.  Barr. 
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rod  in  Fig.  229  and  of  Fig.  230,  page  748.  I  think  an  inspection 
merely  of  the  piston-rod  lines  of  Figs.  229  and  230,  compared  to 
the  crank-pin  lines  of  Fig.  233,  will  show  at  once  that  there  is 
a  wide  field  here  for  improvement,  investigation,  and  research 
in  the  matter  of  steam-engine  design.  Many  of  these  propor- 
tions have  been  handed  down  by  tradition  in  the  designing 
rooms  of  our  engineering  establishments.  It  is  well  known  that, 
whatever  may  be  the  result  of  rationally  working  out  the  length 
of  the  crank  pin,  nevertheless  the  sizes  used  in  any  establish- 
ment are  generally  those  long  adhered  to  and  considered  to  be 
satisfactory  for  that  type  of  engine. 

Another  feature  of  this  paper  is  that  of  Fig.  238,  in  which  the 
coordinates  x  and  y  are  decidedly  different  from  those  given  for 
the  same  subject  in  the  former  paper  by  Professor  Barr ;  that  is 
to  say,  the  former  paper  above  noted  shows  the  average  curve 
to  be  of  the  nature  of  an  equilateral  hyperbola  in  which  x  and  y 
are  the  asymptotes  of  the  curve.  The  value  of  x  in  Fig.  238  of 
the  present  paper  is  the  reciprocal  of  the  value  of  y  of  the  pre- 
ceding paper  in  these  curves  showing  the  weight  of  reciprocat- 
ing parts  of  highspeed  engines.  I  merely  call  attention  to  the 
fact  that  this  turning  about  of  ordinates  and  abscissse  and  in- 
verting of  fractions  is  liable  to  be  confusing,  not  only  to  those 
who  make  an  effort  to  understand  the  meaning  of  the  curves, 
but  as  well  to  those  who  in  the  future  may  wish  to  make  use  of 
these  diagrams  and  to  be  guided  by  general  proportions  in  en- 
gine design. 

The  other  feature  I  would  note  in  passing  is  that  of  the 
weight  of  the  flywheel  (Fig.  239),  diagrams  for  which  were  not 
given  in  the  preceding  paper.  The  weight  of  flywheel  is  some- 
thing that  every  engine  builder  thinks  he  knows  all  about,  and 
particularly  with  regard  to  his  own  engine  ;  *  and  while  the 
rational  formula  may  be  employed  in  any  case,  still  a  very  large 
margin  is  thrown  in  by  the  builder  in  order  to  maintain  the 
speed  of  the  engine  against  excessive  and  periodic  variations. 
It  would  seem  that  in  this  matter  of  flywheel  rim  weight  there 
is  also  a  wide  field  for  research  and  investigation,  because  the 
curves  plotted  for  the  average'  values  fake  all  sorts  of  shapes, 
and  there  is  no  decided  feature  to  be  noted  in  common. 

Fig.  240  I  consider  one  of  the  most  interesting  conclusions 
brought  forward  in  the  present  paper  in  relation  to  the  weight 
of  engine  per  horse-power.    The  curves  show  a  tendency  toward 
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a  general  nniformitj  in  this  direction,  and  that  diagram  wiU, 
no  doubt,  be  very  valuable  in  furnishing  data  for  the  installing 
engineer. 

Professor  Barr* — In  reply  to  Mr.  Kent,  I  think  it  would  be 
well  to  state  in  the  paper,  when  it  is  revised,  that  the  terms 
"  low  speed  "  and  "  high  speed  "  refer  to  rotative  speeds  ;  that 
is,  they  are  used  as  we  commonly  understand  them  to-day. 
However,  when  these  terms  have  changed  their  meaning  this 
paper  will  probably  have  ceased  to  be  of  any  value. 

The  pressure  of  100  pounds  was  taken  because  this  pressure 
is  one  at  which  the  builders  of  many  of  these  engines  have 
rated  them ;  it  is  assumed  that  all  may  carry  the  above  pres- 
sure. The  engines  are  all  simple  engines.  No  compound 
engines  have  been  considered.  I  think  it  is  probable  that  many 
of  these  constants  could  be  modified  to  fit  the  conditions  of  the 
compound  engine  by  well-known  means,  and  we  have  computed 
tables  of  constants,  derived  from  these  in  what  we  assume  to 
be  the  proper  manner  to  meet  other  pressures.  For  instance, 
in  some  cases  the  constants  vary  directly  as  the  pressure,  in 
others  as  the  square  root  of  the  pressure,  etc.  We  have  tabu- 
lated a  large  number  of  these  constants  for  other  pressures.  I 
did  not  add  these  tables  to  this  paper  because  it  is  rather  long 
as  it  is,  and  any  designer  can  readily  determine  them  from  the 
formulas  given.     . 

The  length  of  crank  pin  is  something  out  of  which  I  have 
been  unable  to  get 'much  satisfaction.  The  diagram  has  this 
very  erratic  and  straggling  appearance,  because  the  diagrams 
were  intended  to  show  what  we  found  among  the  builders,  and 
we  do  not  consider  it  part  of  our  duty  to  smooth  out  the  dia- 
grams. If  this  paper  is  to  be  in  any  degree  instrumental  in 
smoothing  out  similar  diagrams  for  later  practice,  I  shall  be 
well  repaid  for  any  trouble  I  may  have  incurred  in  writing  it. 

The  change  in  Fig.  238  from  the  hyperbola  to  the  straight 
line  is  due  to  the  fact  that  I  have  thought  of  something  since  I 
wrote  the  former  paper  which  ought  to  have  occurred  to  me 
before — viz.,  that  the  reciprocal  of  an  equilateral  hyperbola  is  a 
straight  line.  One  of  our  young  men,  with  my  connivance, 
inverted  that  formula  and  got  an  equilateral  hyperbola.  I  have 
been  unable  to  explain  to  myself  why  I  overlooked  it.     I  found 

♦  Author's  closure,  under  the  Rules. 
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that  it  was  wrong ;  at  least  we  obtained  an  equally  good  curve 
in  this  other  way,  and  I  concluded  there  was  no  use  in  continu- 
ing in  error  for  the  sake  of  being  consistent. 

The  flywheel  weight  is  another  matter  about  which  we  find 
great  differences  among  the  builders,  no  doubt  due  to  the  fact 
that  one  man  thinks  that  a  flywheel  rim  of  a  certain  weight  is 
sufficient  for  his  case,  and  another  man  reasons  that  if  he  puts 
in  a  little  more  cast  iron,  he  can  meet  the  fluctuations  without 
having  them  change  the  speed  so  much.  We  have  put  down 
what  we  found,  and  have  tried  to  exhibit  the  thing  as  it  is.  A 
large  number  of  the  diagrams  do  show  quite  close  agreement. 
The  length  of  the  crank  pin  and  the  weight  of  the  flywheel  are 
two  of  the  most  erratic ;  though,  in  general,  dimensions  of  bear- 
ing surfaces — that  is,  elements  which  are  functions  of  lubri- 
cation—are much  less  uniform  than  ihose  which  are  more 
directly  functions  of  strength. 
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DCCXXXIV.* 

DIAGRAMS    FOR    RELATIVE    STRENGTH    OF    GEAR 

TEETH. 

BT  F0RRS8T  B.  J0KB8,  MADISON,  WIS. 

(Member  of  the  Society.) 

The  following  diagrams  were  constructed  with  a  view  to 
facilitating  the  determining  of  the  sizes  and  pitches  of  gears 
which  are  suitable  to  withstand  a  known  or  assumed  pressure 
transmitted  to  them  by  an  intermeshing  gear.  Since  the  con- 
ditions affecting  the  magnitude  of  the  force  which  can  be  safely 
applied  to  a  gear  by  its  mate  are  so  numerous  and  variable,  no 
attempt  has  been  made  to  take  them  into  account  in  the  dia- 
grams, this  being  considered  a  function  of  the  designer.  The 
principal  quantities  thus  left  out  of  the  diagrams  are  :  speed  of 
gear ;  inaccuracy  of  alignment  and  of  tooth  forms,  both  tending 
to  localize  the  pressure  against  the  tooth  over  a  small  area  of 
the  working  surface ;  the  presence  of  foreign  substances  between 
the  teeth ;  liability  to  shocks ;  and  the  number  of  teeth  in  work- 
ing contact. 

The  assumption  is  made,  for  convenience  of  calculation,  that 
the  pressure  is  applied  to  the  tooth  at  its  top,  uniformly  dis- 
tributed across  the  width  of  the  gear  face,  and  normal  to  the 
radial  plane  of  the  gear  which  passes  through  the  centre  of  the 
tooth.  The  relative  values  of  the  force  so  applied,  the  pitch, 
and  the  maximum  fibre  stress  induced,  are  given  in  the  dia- 
grams. 

At  the  risk  of  getting  the  cart  before  the  horse,  the  methods 
of  using  the  diagrams  will  first  be  illustrated  by  a  few  exam- 
ples, in  order  to  show  their  purpose;  then  the  method  of 
determining  the  curves,  and,  briefly,  the  effect  of  contact  be- 
tween more  than  one  pair  of  teeth  at  the  same  instant,  upon  the 
values  given  in  the  diagrams. 

*  Presented  at  the  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  TransacHoM. 
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Figs.  241  and  242  are  for  gears  having  a  face  one  inch  wide, 
Fig.  241  being  for  the  smaller  pitches,  from  about  .25  of  an  inch 
up  to  about  2  inches,  and  Fig.  242  for  pitches  from  2  inches 
up  to  a  little  more  than  6  inches.  Figs.  241  and  242  can  readily 
be  used  for  gears  having  any  width  of  face  expressed  in  inches. 

Figs.  243  and  244  are  for  gears  having  a  face  width  equal  to 
the  circular  pitch  of  the  teeth,  and  can  be  used  for  gears  in 
which  the  face  width  bears  any  given  ratio  to  the  circular  pitch. 
The  same  ranges  of  pitch  are  covered  in  Figs.  243  and  244  as 
in  Figs.  241  and  242,  respectively. 

Let  it  be  required  to  find  the  pitch  of  a  gear  18  inches  in 
diameter,  4  inches  face,  working  at  4,000  pounds  maximum 
stress  in  the  material,  to  withstand  2,000  pounds  pressure  at  its 
point  This  gives  a  pressure  of  2,000  -r-  4  =  500  pounds  per  inch 
of  width  of  face.  In  Fig.  241,  on  the  right-hand  scale,  marked 
"  pounds  pressure  at  tooth  point,"  find  the  500  pound  line  and 
follow  it  to  its  intersection  with  the  4,000  pound  fibre  stress 
line  ;  from  this  point  drop  down  to  the  curve  marked  "  18  inches 
diameter,"  and  thence  to  the  scale  on  the  left  of  the  diagram, 
thus  obtaining  a  reading  of  2.25  diametral  pitch,  or  about  1.4 
inches  circular  pitch. 

Again,  suppose  a  pressure  of  4,550  pounds  is  to  act  on  a  gear 
of  8  inches  pitch  diameter  and  7  inches  face,  the  limit  of  fibre 
stress  being  6,000  pounds  per  square  inch.  The  pressure  per 
inch  of  width  in  this  case  is  4,550  -^  7  =  650  pounds.  By  the 
same  method  as  before,  following  the  650  pounds  pressure  line 
to  its  intersection  with  the  6,000  pounds  fibre  stress  line,  and 
thence  toward  the  bottom  of  the  diagram,  it  is  found  that  the 
vertical  line  does  not  cut  the  8  inches  diameter  line,  but  falls  to 
the  right  of  it,  the  latter  terminating  at  1.5  diametral  pitch,  this 
being  the  greatest  pilch  which  can  be  used  when  the  number  of 
teeth  is  not  less  than  twelve,  which  is  the  lower  limit  in  the 
diagrams.  The  fact  that  the  vertical  and  diameter  lines  do  not 
intersect  shows  that  no  gear  having  twelve  teeth  or  more  can  be 
designed  to  fulfil  the  conditions  given.  With  a  fibre  stress 
slightly  greater  than  6,000  pounds  per  square  inch,  however,  a 
gear  of  1.5  diametral  pitch  will  answer. 

It  can  doubtless  be  readily  seen  that  if,  of  the  four  factors 
— pitch  diameter  of  gear,  width  of  face,  pitch,  and  fibre  stress — 
three  are  given,  the  other  can  be  determined  by  the  aid  of  the 
diagrams. 
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rOR  QCAR  rACC  l  INCH  WJOC. 


Dlagvam  showing  relation  between  pressure  at  tooth  point,  stress  in  outer  flbpe,  and 
pitch  of  a  gear  tooth.  Figures  in  diagram  above  "RACK**  indicate  fibre  stress— those 
l>olow,  diameter  of  gear. 

Fig.  241. 
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FOR  QCAR  FACK  t  INCH  WIOK. 


Dlacrram  showing  relation  between  pressure  at  tooth  point,  stress  in  outer  fibre,  and 
pitch  of  a  gear  tooth.  Figures  in  diagram  above  "RACK**  Indicate  fibre  stress-those 
below«  diameter  of  gear. 

FiQ.  242. 
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The  change  of  direction  of  the  fibre  stress  lines  afc  the  1,000 
pounds  pressure  line  in  Fig.  241,  and  the  similar  changes  in  the 
other  figures,  require  no  consideration  in  their  use,  the  break 
in  the  lines  being  made  simply  to  give  their  intersections  with 
the  pressure  lines  as  much  distinctness  as  possible,  and,  at  the 
same  time,  to  keep  the  length  of  the  diagram  conveniently 
small.  It  should  be  noted,  however,  that  a  change  of  pounds 
per  inch  is  thus  made  necessary  on  the  pressure  scale,  the 
change  occurring  at  the  pressure  line  where  the  angle  is  made 
in  the  diagonal  lines. 

The  use  of  Figs.  243  and  244  for  a  width  of  face  equal  to  the 
circular  pitch,  is  the  same  as  the  preceding  example,  except 
that  the  pressure  for  a  width  of  face  equal  to  the  circular  pitch 
is  read  on  the  scale  of  pressures  at  tooth  point,  instead  of  the 
pressure  per  inch  of  width  as  Was  done  before.  Thus,  for  a 
'  gear  80  inches  in  diameter,  whose  face  width  is  to  be  three 
times  the  circular  pitch,  to  work  at  a  fibre  stress  of  14,000 
pounds  per  square  inch,  under  a  pressure  -of  90,000  pounds  at 
the  tooth  point,  we  have  90,000  -r-  3  =  30,000  pounds  pressure 
on  a  width  of  face  equal  to  the  circular  pitch.  Following  the 
30,000  pounds  line  from  the  right-hand  side  of  Fig.  244  to  its 
intersection  with  the  14,000  pounds  diagonal  line,  and  thence 
to  the  30  inches  diameter  curve,  gives  5.75  inches  circular  pitch, 
which  is  something  less  than  .5  diametral  pitch. 

The  method  of  determining  the  necessary  data  for  plotting  the 
curves  was  as  follows :  The  outline  of  a  tooth  of  .5  diametral 
pitch  was  carefully  developed  by  the  use  of  a  rolling  circle 
having  a  diameter  equal  to  the  radius  of  a  15-toothed  gear  of  the 
same  pitch.  Points  on  the  curve  were  located  by  drawing  the 
describing  circle  on  the  matted  side  of  a  thin  sheet  of. translu- 
cent celluloid,  and  rolling  the  circle  over  the  points  of  fine 
cambric  needles  as  described  in  the  SiUey  Journal  of  Engheeriivg, 
vol.  ix.  No.  4,  this  being  considered  the  most  accurate  as  well 
as  the  most  rapid  method  which  could  be  used  on  paper.  The 
bottom  of  the  curve  was  then  filleted  to  a  radius  equal  to  one- 
sixth  of  the  space  between  the  teeth  at  the  addendum  circle,  in 
accordance  with  the  method  of  the  Brown  &  Sharpe  M%.  Co., 
as  given  in  their  Practical  Treatise  on  Gearing,  This  gave  a 
curve  practically  the  same  as  the  one  used  by  them.  ' 

After  both  sides  of  the  tooth  were  drawn,  a  section  of  the 
tooth,  for  a  gear  face  one  inch  wide, 'was  taken  at  what  was 
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WiOTH  or  GEAft  FACC-CrHCUL*R  PITCH. 


Diagram  showing  relation  between  pressure  at  tooth  point,  stress  in  outer  fibre,  and 
pitch  of  a  gear  tooth.  Figures  in  diagram  aboTe  "RACK"  indicate  fibre  atvess— those 
below,  iiameter  of  gear. 

Fig.  243. 

thought  to  be  the  part  where  fracturb  would  occur,  the  plane  of 
the  section  being  normal  to  the  radial  plane  of  the  centre  of  the 
tooth,  and  the  force,  normal  to  the  radial  plane,  necessary  to  pro- 
duce a  certain  stress  in  the  outermost  fibre,  which  was  taken  at 
6,000  pounds  per  square  inch  for  convenience,  calculated  by  the 
common  formula  for  cantilevers  of  rectangular  cross-section, 
which  is 

6/ 


p  = 


(1) 
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WIDTH  QF  GEARFACK -CIRCULAR  PITCH 


Diagram  showing  relation  between  pressure  at  tooth  point,  stress  in  cater  fibre,  and 
pitch  of  a  gear  tooth.  Figures  in  diagram  above  "RACK**  indicate  fibre  stress— those^ 
below,  diameter  of  gear. 

Fig.  244. 
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in  which,  for  this  case, 
P  =  pressure  applied  at  tooth  point. 

t  =  stress  in  outermost  fibre. 

b  =  width  of  gear  face. 

h  =  thickness  of  tooth  at  section  chosen. 

I  —  distance  from  top  of  tooth  to  the  section. 

Other  sections  were  then  taken  parallel  to  the  first  and  at 
a  distance  from  each  other  of  .  1  of  an  inch,  until  a  series  of 
values  of  P  were  obtained  having  the  smaller  values  at  the 
centre  of  the  series.  By  this  means  the  value  of  P  necessary 
to  produce  the  assumed  fibre  stress  in  the  weakest  section,  was 
obtained  with  considerable  accuracy.  The  result  is  obtained  in 
this  way  with  fully  as  much  accuracy  and  much  more  rapidly 
than  by  drawing  the  maximum  inscribed  parabola  whose  vertex 
is  at  the  top  of  the  tooth  and  on  the  radial  line  through  the 
centre  of  the  tooth,  and  then  calculating  the  strength  of  a  tooth 
of  one  inch  width  with  the  parabolic  outline  thus  obtained, 
which  strength  is  that  of  the  tooth. 

Ihe  value  of  P  was  determined  in  the  same  way  as  for  the 
first  gear,  for  14  gears  of  the  same  pitch  and  width  of  face, 
varying  from  12  teeth  to  a  rack,  the  number  of  teeth  being 
selected  so  as  to  increase  P  as  nearly  as  possible  by  equal  in- 
crements from  its  value  for  12  teeth  up  to  that  for  a  rack  By 
plotting  the  values  of  P  thus  obtained,  the  curve  of  Fig.  245  was 
determined.  The  value  of  P  for  a  rack  could  not  be  used  in  this 
curve,  of  course,  because  the  number  of  teeth  is  infinite.  The 
value  ^f  P  for  a  rack  is  not  much  greater  than  that  for  a  300- 
toothed  gear,  however,  being  4,080  pounds  for  the  rack. 

By  the  aid  of  this  curve  and  making  use  of  the  fact  that  when 
the  number  of  teeth  and  the  width  of  a  gear  remain  constant, 
the  strength  of  the  teeth  varies  as  the  circular  pitch,  the  curves 
of  Figs.  241  and  242  were  laid  out.  And  by  taking  into  account 
the  property  that  when  the  number  of  teeth  is  constant,  and  the 
width  of  face  bears  a  constant  ratio  to  the  circular  pitch,  the 
strength  varies  as  the  square  of  the  pitch,  the  curves  of  Figs. 
243  and  244  were  determined. 

In  calculating  the  maximum  fibre  stress  in  the  material  of  the 
gear  by  equation  (1),  no  account,  of  course,  was  taken  of  the 
shearing  stress.  By  actual  calculation  this  was  found  to  have 
more  effect  in  the  rack  tooth  than  any  other  when  introduced 
into  the  following  formula  for  combined  flexure  and  shear. 
60 
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Maximam  tenBion  =  ^  +  r   r*  +  ^ 
2  4 


i* 


(2) 


in  which  v  is  the  sheariug  stress  per  unit  area,  and  i  is  the 
same  as  in  equation  (1).     Formula  (2)  gave  a  maximum  tensile 
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Dia^cram  Bhowin^c  Che  pressure  at  the  point  of  a  single  tooth  In  a  gear  of  H  diametral 
(-0.28  inches  circular)  pitch  and  1  inch  face,  which  will  prodacc  n  fibre  stress  of  0000  pouods 
per  sqoarOflnch  In  the  material  of  the  gear. 

Fio.  1^5. 

stress  less  than  four  per  cent  greater  than  that  when  flexure 
only  was  considered,  shear  being  neglected.  On  account  jf  this 
comparatively  small  effect,  when  considered  in  connection  with 
the  uncertain  elements  which  enter  into  any  attempt  at  calcu- 
lating the  strength  of  gear  teeth,  it  was  not  deemed  worth  while 
to  introduce  it  into  the  diagrams. 

The  maximum  shear,  according  to  the  formula  for  combined 
shear  and  flexure. 


Maximum  shear  =  y   ^'i  ^  .". 

4 


(3) 


is  about  54  per  cent,  of  the  maximum  tension. 

With  regard  to  the  effect  of  the  position  of  the  line  of  contact 
between  a  pair  of  engaging  gears,  it  was  found  by  construction 
that,  in  a  pair  of  perfectly  made  and  aligned  gears  having  13 
teeth  each,  at  the  instant  contact  changes  from  one  to  two  pairs 
of  teeth,  or  vice  versa,  which  is  the  time  when  the   greatest 
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stress  is  brought  upon  the  material  of  the  tooth,  the  pressure 
is  applied  at  such  a  distance  outside  of  the  pitch  line  of  the 
tooth  subject  to  the  greater  bending  moment,  as  to  allow  an 
increase  of  pressure  of  more  than  70  per  cent  of  that  which  could 
be  applied  at  the  top  of  the  tooth.  With  a  greater  number  of 
teeth  in  either  or  both  gears,  a  greater  increase  is  allowable. 

Examples  of  gear  teeth  broken  in  actual  service  are  not  read- 
ily found  in  connection  with  such  data  of  speed  and  power  trans- 
mitted as  are  necessary  for  finding  the  fibre  stress  by  the  dia- 
grams or  any  other  method.  The  results  of  tests  on  cast  iron 
gears,  given  in  Brown  A  Sharpens  Prdctical  Treatise  on  Gear- 
ing  are  given  below,  together  with  some  added  data,  namely : 
circular  pitch,  pitch  diameter,  speed  at  pitch  circle,  and  stress 
in  outer  fibre. 


Diametral 
pitch. 


10 
8 
6 
5 


Circnlar 

pitch. 

Inches. 


.8143 
.8927 
.6236 
.6288 


Width 

of 

face. 

Inches. 


1^ 


Nnm- 
ber 
of 

teeth. 


110 
72 
72 
00 


Pitch 
diam. 
Inches. 


11 
0 

12 
8 


Obeerved 

Revo- 

Veloc.  at 

breaking 

latioDS 

pitch  dr. 

preaenre 

per 
min. 

Ft.  per 
mill. 

at  pitch 

cfrcle. 

Pounds. 

27 

78 

1,060 

40 

94 

1,460 

27 

85 

2.220 

18 

85 

2.470 

Stress  in 
oQter  fibre. 
Poniids  per 

sq.  inch. 


88,000 
29,000 
24,000 
20,500 


The  fibre  stresses  higher  than  24,000  pounds  given  in  the 
table  were  obtained  by  temporarily  constructing  diagonal  lines 
for  higher  stresses  than  given  in  the  diagrams.  In  determining 
the  values  of  the  fibre  stresses  given  in  the  table,  it  was  assumed 
that  the  turning  force  at  the  pitch  line  acted  at  the  point  of  the 
tooth.  While  this  is  undoubtedly  not  true,  and  gives  a  fibre 
stress  not  near  the  actual  amount,  it  still  serves  as  a  guide  for 
designing  gears  of  similar  dimensions.  If  it  is  possible  to 
obtain  similar  data  for  larger  gears  of  cast  iron,  an  idea  of  the 
working  strength  for  the  range  of  pitch  covered  can  be  obtained. 
For  steel  and  other  strong  metals,  the  fibre  stress  would,  of 
course,  be  taken  much  higher. 

The  diagrams  are  presented  with  the  hope  that  they  may  be 
of  some  service.  There  is  no  desire  on  the  part  of  the  writer 
to  discuss  how  near  or  how  far  away  from  the  truth  the  assump- 
tions made  for  determining  them  may  be,  for  the  values  and 
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conditions  aBsumed  are  introduced  into  the  diagrams  so  that 
they  can  readily  be  modified  to  suit  the  designer. 

DISCUSSION. 

Frof.  John  H.  Barr. — Mr.  Wilfred  Lewis,  member  of  the 
Society,  published  a  formula  in  1893  which  is  believed  to  have 
been  the  first  to  consider  the  influence  of  the  number  of  teeth  iu 
a  gear  upon  the  strength  of  the  teetL*^  Mr.  Henry  Hess  recently 
gave,  in  the  American  Machinist y  a  diagram  based  upon  the 
Lewis  formula,  and  he,  like  Mr.  Lewis,  makes  the  load  per  tooth 
depend  upon  the  face  of  the  gear,  the  fibre  stress,  the  pitch, 
and  the  number  of  teeth.  For  most  cases  in  design  it  would 
appear  preferable  that  the  diameter  of  the  gear  enter  the  expres- 
sion, or  diagram,  in  place  of  either  the  pitch  or  the  number  of 
teeth. 

While  engaged  in  an  attempt  to  put  the  results  of  Mr.  Lewis's 
investigation  in  such  form  that  the  diameter  of  the  gear  would 
appear  instead  of  the  number  of  teeth,  the  paper  of  Professor 
Jones,  which  embodies  this  feature,  was  received.  It  seemed 
appropriate  to  submit  a  brief  statement  of  some  of  the  results 
of  my  examination  of  the  subject  as  a  discussion  on  the  present 
paper. 

Li  the  first  place.  Fig.  245  of  Professor  Jones's  paper  was 
replotted  to  a  natural  scale,  when  it  was  observed  that  the 
curve  became  an  equilateral  hyperbola  (or  at  least  a  close  ap- 
proximation to  one).  From  the  equation  of  this  hyperbola  Mr. 
Jones's  results  can  be  put  into  a  form  similar  to  the  one  given 
by  Mr.  Lewis,  except  as  to  the  value  of  the  constants.  Let 
W  =  the  load  per  tooth  in  pounds  ;  C  =  the  circular  pitch  in 
inches ;  F  =  the  face  of  the  gear  in  inches  ;  S  =  the  fibre  stress 
in  pounds  per  square  inch ;  N=  the  number  of  teeth  in  the  gear.** 

/               0  888\ 
Then  W=  CFS  f  0.124 ^-J,  according  to  Lewis  ; 

and  W=  CFS  (o.lOe  -  -J-),  according  to  Jones, 

The  latter  is  probably  not  exact,  as  it  is  derived  from  Fig.  245 
of  the  present  paper,  -  the  scale  of  which  is  too  small  for  great 
accuracy.    To  compare  these  two  expressions  let 

W  =  CFSX'  for  Mr.  Lewis's  work  ; 

W  =  CFSX'  for  Mr.  Jones's  work. 


*  proceedings  Engineers'  Club  of  PbUadelpbia,  vol.  x.,  No.  1,  January,  1898. 
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The  following  table  shows  the  values  of  X  and  X'  for  several 
numbers  of  teeth,  and  the  comparative  strengths  of  the  corre- 
sponding gears  as  given  by  the  respective  expressions. 


N. 

JT  (Lbwib). 

X"  (Jones). 

DiPPBBBNCR. 

10 

0.0852 

0.0882 

Sperct. 

12 

0.0500 

0.0495 

1      " 

15 

0.0648 

0.0608 

6      " 

ao 

0.0796 

0.0721 

10      " 

80 

0.0944 

0.0834 

13      " 

60 

0.1092 

0.0947 

15      " 

100 

0.1152 

0.0992 

16      " 

Rack 

0.124 

0.106 

17      " 

The  accompanying  diagram  (Fig.  246)  is  one  which  has  been 
derived  from  the  Lewis  formula  by  substituting  \—?r)  '^^  *he 
N  of  the  original  expression.     The  pitch  curves  are  drawn  for 


**&&]«  Cv  Load  per  Inch  of  Face 
7000         6000         9000  4000         MM) 


3000 


1000 


"Seale  A^  Diameter  ot  Gear 


DIAOIMM  FOR  QCAR  TOOTN   DCSIQH. 

FiQ.  246. 


some  one  stress,  as  6,000  in  the  diagram  shown ;  ordinat?s  are 
loads  per  inch  of  tooth  face ;  abscissas  give  diameters  of  the 
gears.  To  provide  readily  for  the  use  of  this  diagram  with 
stresses  other  than  6,000,  the  stress  diagonals  (radiating  from 
the  lower  right-hand  corner)  are  drawn,  and  the  load  scale  is 
reproduced  on  the  upper  horizontal  line.    The  use  of  the  dia- 
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Fig.  247. 


gram  is  illustrated  by  this  problem  :  A  gear  of  40  inches  diameter 
is  to  sustain  a  load  of  2,500  per  inch  of  face  with  a  stress  of  8,000 
pounds  per  square  inch.  Take  2,500  on  Scale  (7,  drop  vertically 
to  the  diagonal  marked  S  =  8,000 ;  then  pass  horizontaUy  to 
the  vertical  through  the  point  marked  40  inches  on  ^cale  A  ;  this 
last  intersection  shows  that  the  pitch  should  be  nearly  3  inches. 
The  gears  should  then  have  42  teeth  to  meet  the  requirements 
given. 

The  diagram  indicates  that  for  gears  less 
than  15  inches  in  diameter  a  tooth  of  4 
inches  pitch  is  weaker  than  one  of  3  inches 
pitch  ;  this  is,  of  course,  owing  to  the  larger 
number  of  teeth,  and  consequently  stronger 
form  of  teeth,  with  the  smaller  pitch.  Fig. 
247  shows  a  similar  condition  for  two  teeth 
drawn  upon  a  pitch  circle  which  gives  radial 
flanks  for  the  smaller  pitch,  and  converg- 
ing (under-cut)  flanks  for  the  larger  pitch. 
The  Lewis  expression  may  be  reduced  to  the  following  form, 
which  is  convenient  for  designing  gears  when  the  pitch  diameter 

isfixed.     C=  (0.22-  |/  (o.049--^'^^)A  in  which  W  is  the 

\  Do    ^ 

load  per  inch  of  face  per  tooth,  D  is  the  pitch  diameter,  and  S 

is  the  stress,  and  Cia  the  circular  pitch,  as  before.  • 

An  easily  remembered  relation,  deduced  from  Mr.  Lewis's 
investigation,  is  as  follows :  The  load  per  tooth  on  a  SG-ioot/i  gear 
(strictly,  37  teeth)  eqiuda  one-tenth  the  face  in  inches  multiplied  by 
the  stress  in  pounds  per  square  inch  and  the  circular  pitch  in  inches. 
A  12-tooth  pinion  will  carry  one-half,  and  a  rack  wiU  carry  one 
and  one-fourth  the  above  load.  Or,  reducing  the  number  of 
teeth  to  about  one  third  of  30  reduces  the  load  by  one-half, 
while  increasing  the  number  of  teeth  to  infinity  increases  the 
strength  by  one-fourth. 

A  somewhat  curious  relation  is  noticed  from  inspection  of 
the  diagram  (Fig.  246),  viz. :  that  there  is  a  common  tangent, 
through  the  origin,  to  all  of  the  pitch  curves,  and  its  point  of 
tangeney  with  any  of  the  curves  corresponds  to  the  diameter 
which  gives  radial  flanks  for  the  pitch  represented  by  such 
curve.     This  relation  is  verified  by  analysis. 

3/n  Wilfred  Lewis, — The  paper  under  discussion  presents  the 
problem  of  determining  the  pitch  of  a  gear  wheel  when  the  diam- 
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eter,  the  face,  the  working  load,  and  the  working  stress  are  given 
or  aaaumed,  thus  reversing  the  common  order  of  procedure  to  find 
the  strength  from  the  pitch,  the  face,  the  number  of  teeth,  and 
the  working  stress.  * 

It  is  no  doubt  true  that  the  pitch  for  a  given  load  may  be  re- 
quired in  practice  as  often  as  the  load  for  a  given  pitch,  and  it 
must  be  admitted  that  the  diagrams  presented  give  a  direct  solu- 
tion for  the  pitch  from  the  assumed  conditions  where  previous 
methods  have  been  more  or  less  tentative.  But  the  number  of 
teeth,  being  at  first  unknown  and  dependent  upon  the  pitch,  may 
be  such  as  to  require  a  revision  of  the  case,  or  the  assumed  face 
may  result  in  a  pitch  difficult  to  realize,  or  inconvenient  for  the 
ratio  of  gearing  desired.  Thus,  while  these  diagrams  form  a 
valuable  addition  to  the  general  treatment  of  the  gear  problem, 
I  think  the  conditions  to  be  met  in  practice  are  so  varied  that  the 
face  and  diameter  cannot  often  be  accepted  as  hard  and  fast  con- 
ditions upon  which  the  pitch  can  be  surely  based. 

As  the  best  design  is  generally  the  best  compromise  between 
conflicting  conditions,  which  must  be  carefully  studied,  a  number 
of  possibilities  must  be  considered  before  making  a  choice,  and  in 
determining  the  available  gearing  for  a  given  case,  the  choice  of 
method  will  surely  be  along  the  line  of  least  effort. 

Since  the  publication  of  my  "  Investigation  of  the  Strength  of 
Gear  Teeth  "  some  four  years  ago,  a  number  of  ingenious  diagrams 
have  appeared,  to  accomplish  the  same  result  with  less  mental  effort. 

Without  questioning  the  advantage  of  the  graphical  method 
where  it  can  be  directly  applied,  a  multiplicity  of  intersecting 
lines  is  obviously  confusing  and  difficult  to  foUow,  and  I  think 
there  are  cases,  like  the  gear  problem  in  general,  where  formulas 
and  tables  are  decidedly  preferable.  This,  however,  is  a  matter 
on  which  a  difference  of  opinion  can  be  easily  tolerated,  and  if 
spme  prefer  to  trace  the  result  through  a  network  of  lines,  while 
others  prefer  to  follow  the  steps  in  a  simple  formula,  aided  by  a 
convenient  table,  both  methods  are  surely  desirable  and  the  choice 
of  one  or  the  other  will  depend  upon  individual  temperament. 

The  diagrams  in  this  ease  are  admirably  designed  for  the 
assumed  conditions,  and  the  result  is  reached  by  an  easy  course 
through  a  comparatively  simple  network  of  lines.  As  the  number 
of  teeth  is  implied  in  the  diameter  and  pitch,  the  particular  phase 
of  the  gear  problem  here  presented  becomes  difficult  to  solve 
durectly  by  a  formula,  though  it  may  be  solved  tentatively  with 
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rapid  convergence  by  that  means,  and  the  graphical  method 
employed  is  certainly  well  adapted  to  the  conditions  imposed. 
If  the  number  of  teeth  were  one  of  the  conditions,  as  fi*eqaently 
happens,  however,  the  diagrams  under  consideration  would  lose 
their  special  significance  and  the  pitch  would  be  found  more  easily 
by  some  of  the  other  diagrams,  or  by  the  formula  and  tables  at 
first  propose.d.  Considering  the  number  of  factors  involved  in 
the  general  gear  problem  and  the ''large  number  of  intersecting 
lines  required  for  its  graphical  solution,  I  am  disposed  to  adhere 
in  my  practice  to  the  formula  and  tables  as  being  in  general  quite 
as  rapid  and  less  liable  to  error  in  actual  use. 

The  usual  problem,  to  determine  the  working  load  from  the 
pitch,  face,  and  number  of  teeth,  can  be  solved  with  surprising 
rapidity  with  the  aid  of  a  common  slide  rule  and  a  table  of  coeffi- 
cients, while,  with  a  special  slide  rule  designed  for  the  purpose, 
as  described  by  Mr.  F.  A.  Halsey  in  his  paper,  entitled  "  Some 
Special  Forms  of  Computers,"  *  read  before  this  Society  at  its 
meeting  in  December,  1896,  the  solution  is  even  more  rapid  and 
satisfactory.  The  computer  there  chosen  to  illustrate  the  subject 
happened  to  be  for  the  "  Strength  of  Gears,"  by  Mr.  Wm.  Cox, 
whose  skill  in  designing  these  labor-saving  appliances  has  been 
demonstrated  in  various  ways  and  is  now  well  known.  By  this 
means  it  is  possible  to  see  at  a  glance  all  the  combinations  of 
pitch  and  face  which  will  give  a  certain  working  strength  or  power, 
the  number  of  teeth  being  known,  and  the  corresponding  coeffi- 
cient being  selected  from  a  table.  If  the  diameter  is  given,  as 
assumed  in  the  paper  under  discussion,  and  the  number  of  teeth 
is  at  first  unknown,  to  find  the  pitch  for  a  given  working  strength 
and  a  given  face,  a  trial  coefficient — say  1,000 — can  be  joined  to 
the  working  strength,  indicating  at  once  the  first  approximation 
to  the  required  pitch,  then  using  the  scales  of  '^  horse-power  "  and 
^'  pressure  coefficients  '*  as  an  ordinary  slide  rule,  the  number  of 
teeth  corresponding  to  this  pitch  is  quickly  seen,  from  which  a 
new  coefficient  can  be  selected  to  indicate  a  new  pitcb.  The 
method  is  so  rapidly  convergent  that  no  closer  approximation 
than  the  second  will  generally  be  required;  and  although  the 
process  is  not  so  direct  as  that  of  the  diagram,  the  result,  I  think, 
is  more  satisfactory  because  no  interpolation  is  required  for  diam- 
eters not  appearing  in  the  diagram.  I  do  not  wish  by  this  to 
detract  from  the  credit  due  Professor  Jones  for  his  ingenious 
TranMctions  A.  S.  M.  E.,  vol.  xvUi.,  p.  70,  No.  702. 
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method  of  arriving  at  a  direct  solution  of  the  problem  assumed, 
but  simply  to  point  out  the  possibility  of  solving  the  same  prob- 
lem by  a  rapid  method  which  includes  more  general  conditiona 
In  the  general  formula  W=  CFSX^  as  given  in  Mr.  Barr^s  dis- 

/  888\ 

eussion,  acomparisonis  made  between  the  factor^  =  f  .124—  '—^  j 

accredited  to  my  investigation,  and  the  factor  X"  =  f  .106  —  -^-  j 

deduced  by  Mr.  Barr  from  Professor  Jones's  paper,  showing  a 
difference  which,  I  think,  is  easily  explained  by  the  difference  in 
the  systems  of  form  considered  and  by  the  difference  in  treatment. 
The  value  quoted  for  X  by  Mr.  Barr  was  deduced  for  a  system 
of  cydoidal  gearing,  described  by  a  writer  in  the  American 
Machinist  under  the  style  of  *'  Bell  Crank/'  where  the  describing 
circle  was  half  the  diameter  of  a  twelve-toothed  pinion,  and  the 
fillets  were  equal  to  the  clearance  at  the  root  of  the  teeth.  The 
fillets  used  in  my  original  investigation  were  as  large  as  possible,  to 

clear  an  engaging  rack  for  which  I  had  found  X'"  =  f  .124  —  '—^  \ 

and  the  other  value  was  deduced  to  show  the  important  effect  of 
the  fillets  upon  the  strength. 

Professor  Jones  adopts  another  describing  circle  equal  to  half 
the  diameter  of  a  fifteen-toothed  pinion,  another  system  of  fillets, 
and  another  supposition  in  the  application  of  the  load.  It  is  al- 
lowable, of  course,  to  assume  any  system  of  form  and  any  rational 
standard  for  fillets,  but  I  think  an  exception  may  properly  be 
taken  to  the  professor's  assumption  that  the  load  is  applied  tan- 
gentially  at  the  end  of  a  tooth,  instead  of  normal  to  its  face,  as  it 
actually  occurs.  I  agree  that  it  is  not  worth  while  to  consider  the 
difference  between  the  pitch  and  the  addendum  radii  in  an  inves- 
tigation of  this  kind,  but  I  maintain  that  the  strength  of  the  tooth, 
as  affected  by  the  direction  of  thrust  at  the  end  of  its  face,  is  a 
matter  of  considerable  importance,  shortening  as  it  does  the  ef- 
fective length  of  the  cantilever  and  subjecting  the  whole  tooth  to 
a  considerable  amount  of  radial  compression  which  outweighs  by 
far  the  influence  of  shear  upon  tensile  stress  which  the  professor 
considered  and  abandoned.  In  my  investigation  the  radial  com- 
pression was  disregarded  as  an  imcertain  element  of  strength  or 
weakness  depending  upon  the  relative  strength  of  the  material 
used  for  tension  and  compression.  For  cast  iron,  which  is  stronger 
in  compression,  this  radial  compression  is  a  decided  element  of 
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strength,  reducing  as  it  does  the  transverse  tensile  stress,  while 
for  steel  it  might  be  questioned  whether  a  tooth  would  yield  first 
on  the  tension  or  on  the  compression  side.  The  error,  whatever 
it  may  be,  is,  however,  most  probably  on  the  safe  side. 

By  the  difference  in  the  assumed  direction  of  the  load  applied, 
my  results  are  naturally  higher  than  those  of  Professor  Jones, 
and,  as  I  claim,  more  accurate.  Of  course,  it  does  not  matter  how 
the  weakest  section  of  a  tooth  is  determined,  whether  by  succes- 
sive trials  as  advocated  by  the  professor,  or  by  graphical  construc- 
tion, but  it  is  surprising  to  be  told  that  his  results  were  obtained 
by  the  former  method  '^  with  fully  as  much  accuracy  and  far 
more  rapidity  than  by  drawing  the  maximum  inscribed  parab- 
ola whose  vertex  is  at  the  top  of  the  tooth  and  on  a  radial 
line  through  the  centre  of  the  tooth,  and  then  calculating  the 
strength  of  a  tooth  of  one-inch  thickness  with  the  parabolic 
outline  thus  obtained,  which   strength  is  that  of  the  tooth." 

I  think  I  may  safely  claim  to  be  the  first  to  devise  and  use  a 
method  based  on  the  parabolic  outline,  but  I  never  constructed  a 
parabola  within  the  tooth  as  above  described  except  to  illustrate 
the  principle  in  my  paper,  nor  did  I  ever  calculate  the  strength 
of  a  tooth  from  the  parabolic  outline  thus  obtained.  As  described 
in  my  paper,  I  simply  located  the  weakest  section  of  the  tooth  by 
means  of  a  parabolic  tangent,  and  then,  by  means  of  two  lines  at 
right  angles,  constructed  on  the  tooth  itself  a  length  propor- 
tional to  its  strength.  To  reduce  this  to  one-inch  pitch  was 
merely  a  matter  of  ^scale,  and  there  was  no  calculation  about  it 
required.  The  method  is  certainly  more  rapid  than  that  used  by 
Professor  Jones  and  more  accurate,  because  there  is  but  one  thing 
to  measure,  the  factor  of  strength  desired. 

In  regard  to  the  number  of  teeth  in  gear  distributing  the  load, 
I  am  quite  sure  the  methods  of  forming  and  spacing  have  not  yet 
reached  such  perfection  that  it  is  safe  to  consider  more  than  one 
tooth  in  gear.  To  obtain  more  than  this,  a  variation  in  form  or 
pitch  can  only  be  met  by  the  elasticity  of  the  tooth  itself,  which  is 
a  short  stiff  cantilever  almost  devoid  of  spring.  Let  any  one  who 
doubts  this  conclusion  calculate  the  deflection  of  a  tooth  as  a 
cantilever  under  its  working  load,  and  then  consider  the  possibil- 
ity of  construction  within  the  degree  of  accuracy  thus  required. 
The  steps  in  a  series  of  equidistant  cutters  are  far  more  than  the 
spring  of  a  tooth  can  begin  to  accommodate,  and  these  steps 
represent  the  tolerated  imperfections  in  form,  to  say  nothing  of 
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the  difficulty  of  perfect  spacing.  Iq  regard  to  the  merits  of  short 
and  long  teeth,  it  should  here  be  said  that  short  teeth  cannot 
belong  to  the  interchangeable  class  for  which  your  fbrmulas,  tables, 
and  diagrams  are  devised.  Teeth  for  special  purposes  can  be 
made  as  long  or  short  as  the  special  conditions  will  permit,  but 
for  interchangeable  geaiing,  the  standard  proportions  are  about 
right,  and  cannot  be  departed  from  without  encountering  serious 
difficulties  in  extreme  eases. 

Mr.  H.  H.  Suplee. — ^While,  of  course,  this  paper  treats  of  the 
relative  strength  of  gear  teeth,  I  think  it  must  not  be  overlooked 
that  the  question  of  wear  enters  very  largely  into  the  proper 
proportions.  In  other  words,  a  gear  system  may  be  strong 
enough,  and  yet  it  may  be  so  proportioned  that  it  will  wear  out 
very  rapidly.  I  have  found  myself  very  often  it  is  advisable  to 
make  the  face  wider  than  is  demanded  for  strength,  so  as  to 
distribute  the  pressure  and  keep  the  wear  within  reasonable 
limits.  Another  point:  teeth  rarely  break  from  the  regular 
working  stress  to  which  they  are  subjected.  They  break  from 
shock  or  from  something  getting  between  them,  or,  in  other 
words,  from  conditions  which  it  is  almost  impossible  to  measure 
or  predict  I  call  attention  to  this  point  because  gears,  which 
are  carefully  proportioned,  very  often  go  to  pieces,  and  it  is 
therefore  advisable  to  add  a  very  large  margin  for  the  condi* 
tions  under  which  they  must  work.  Professor  Beuleaux  has 
suggested  that  the  question  of  wear  be  taken  into  account,  in 
proportioning  gear  tee^h,  in  the  following  manner  :  The  product 
of  the  pressure  per  inch  of  face  by  the  number  of  revolutions 
per  minute  may  be  called  the  coefficient  of  wear.  Thus,  if  P  be 
the  total  pressure  upon  a  tooth,  and  b  the  breadth  of  face,  n 
1)eing  the  number  of  revolutions  per  minute,  we  have  : 

-.-  =  coefficient  of  wear. 
6 

Beuleaux  says  that,  for  good  results,  this  coefficient  should  not 

be  greater  than  28,000,  and,  if  possible,  it  should  be  taken  as 

less  than  this  value.     When  sufficient  space  is  available  and  a 

low  value  can  be  given  to  this  coefficient,  it  is  advisable  to  do 

so  ;  if  this  cannot  be  done,  the  coefficient  which  is  selected  will 

give  an  indication  of  the  proportional  amount  of  wear  which 

may  be  expected.     (See  (hnsU^uctor^  p.  146,  Am.  edition.) 

Mr.  Oberlin  Smith. — I  think  Mr.  Suplee  is  right  in  advocating 

wide  faces — that  is,  for  cut  gearing.     Of  course  an  evil  which  may 
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arise  is  springing  of  the  shafts,  getting  them  out  of  alignment. 
It  is  not  worth  while  in  these  days  of  accurate  work  to  consider 
the  shafts  being  originally  set  out  of  line,  as  they  used  to  be  in 
the  old  days  of  cast  gearing,  where  there  always  had  to  be 
strength  enough  so  that  the  teeth  could  drive  by  one  comer, 
especially  where  they  were  cast  tapered.  We  now  make  reason- 
ably true  cut  gearing,  the  teeth  parallel  with  each  other  and  in 
the  plane  of  the  shaft,  and  we  place  our  shafts  approximately 
in  line  so  that  we  can  afford  to  make  our  gear  faces  very  wide  ; 
but  as  a  general  rule  I  think  they  are  not  made  as  wide  as  they 
might  be.  I  have  in  many  cases  made  them  wide  to  advantage, 
even  doubling  the  usual  width  sometimes.  The  chief  thing  to 
guard  against  in  such  a  case,  where  we  make  a  very  wide-faced 
wheel,  is,  of  course,  to  make  the  shafts  strong  enough,  assuming 
that  they  are  originally  placed  in  line,  so  that  they  will  not 
spring,  and  the  pressure  be  brought  on  one  corner. 

Mr,  C.  TT.  Hunt. — It  may  be  of  interest  in  connection  with  this 
paper  to  give  the  present  practice  of  the  company  with  which  I 
am  associated  in  their  use  of  cast-iron  spur  gears  of  compara- 
tively small  size,  running  from  about  seven  inches  to  seven  feet 
in  diameter  and  with  teeth  having  a  circular  pitch  of  from  one 
to  three  inches.  These  gears  are  used  for  coal-hoisting  engines 
and  machinery  of  a  similar  character,  which  generally  run  in 
situations  where  it  is  impossible  to  have  a  solid  foundation  for 
the  machinery.     The  cast  iron  is  a  good  quality  of  foundry  iron, 

but  no  special  pains  are  taken 
to  get  an  extra  quality,  and  it 
represents  iron  which  can  be 
obtained  at  ordinary  foun- 
dries without  difficulty.  Our 
experience  corresponds  with 
the  statement  made  by  Mr. 
Suplee,'  that  the  face  of  a 
gear,  beyond  a  certain  width,  does  not  add  to  its  strength ;  it 
adds  to  its  durability,  but  not  to  its  strength  to  resist  stress. 

To  illustrate  this  by  a  practical  example,  which  is  typical  of 
our  experience,  take  the  case  of  a  pair  of  cast-iron  spur  gears, 
with  twenty-three  and  seventy-nine  teeth,  two  inches  pitch, 
seven  inches  face,  which  failed  repeatedly  under  loads  which 
we  know  with  substantial  accuracy.  The  engine  ran  about  ten 
days,  when  a  tooth  in  the  pinion  broke.     The  break  was  along 


Fig.  248. 


DIAGRAMS  FOR  RELATITE  STRENGTH  OF  GEAR  TEETH.    785 

the  line  CDE  (Fig.  248),  the  piece  A  breaking  out.  The  part 
B  of  the  tooth  was  left  intact.  The  gear  was  continued  in 
service,  but  in  about  ten  days  after,  another  tooth  on  the  oppo^ 
site  side  of  the  pinion  broke,  the  piece  breaking  out  being  about 
the  same  size  and  form  as  the  first  one.  The  engine  continued 
in  service  but  a  few  dajs,  when  the  remaining  part  of  the  tooth 
marked  B  in  Fig.  No.  248  failed.  The  pinion  was  taken  out  and 
a  new  one  of  the  same  material  substituted.  This  ran  about 
the  same  length  of  time  as  the  first  one,  when  one  of  the  teeth 
failed  in  the  same  manner  as  the  previous  ones.  A  few  days 
later  the  part  B  also  failed,  when  a  steel  pinion  was  substituted, 
which  stood  the  service  permanently.  As  all  of  the  breaks 
followed  the  line  CDE  in  Fig.  No.  248,  we  can  assume  that 
the  equivalent  of  this  fracture  fairly  represents  the  width  of  the 
face  which  can  be  depended  on  for  estimating  the  strength  of  the 
teeth  of  spur  gears.  This  line  CDEy  we  estimated,  was  equiva- 
lent to  the  strength  of  a  tooth  having  a  face  equal  to  twice  the 
pitch.  From  this  test  we  may  assume  that,  for  the  purpose  of 
calculating  the  strength  of  the  tooth  of  cast-iron  gears,  the  width 
of  the  face  should  be  taken  equal  to  twice  the  circular  pitch. 
The  teeth  failed  with  a  load  of  10,000  pounds  on  the  tooth, 
which  brought  a  fibre  stress  of  3,800  pounds  per  square  inch  on 
the  metal  at  the  root  of  the  tooth,  assuming  in  the  calculation 
that  the  tooth  was  a  cantilever  with  the  load  on  the  end.  As 
we  had  five  breaks  in  succession  where  the  load  was  known 
with  reasonable  accuracy,  we  have  assumed  that  3,800  pounds 
fibre  stress  represents  the  breaking  strength  of  a  cast-iron  gear 
tooth  in  this  kind  of  service.  The  teeth  of  the  gear  wheel  did 
not  fail ;  hence,  as  the  teeth  of  the  pinion  are  weaker  than  those 
in  the  gear  wheel,  we  may  omit  all  consideration  of  the  larger 
gear  in  computing  the  strength  of  the  teeth. 

A  few  years  ago  Mr.  Michael  Longridge,  of  Manchester,  Eng- 
land, made  prominent  the  defects  of  long  gear  teeth,  and  recom- 
mended those  much  shorter  than  the  general  practice.  This 
was  so  radical  a  departure  that,  while  it  appealed  strongly  to 
reason,  it  was  some  time  before  I  could  decide  to  recommend  a 
change  of  our  proportions  and  make  the  short  teeth  which  he 
recommended.  In  using  short  teeth  it  is  necessary  to  make 
the  strength  of  a  single  tooth  sufficient  to  carry  the  whole 
load,  and  abandon  the  principle  of  having  more  than  one  pair 
of  teeth  in  action  at  all  times.     We  eventually  tried  the  ex- 
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periment  of  shorter  teeth,  and  the  results  were  exceptionally 
fine.    They  ran  more  like  cut  gears  than  like  cast  ones,  and 


Pia.  249. 

were  obviously  much  stronger.    We  use  the  proportions  shown 
in  Fig.  No.  249. 

By  comparing  this  with  the  usual  proportions  shown  in  Fig. 
No.  250,  the  difference  in  the  length,  and  consequently  the 


Pig.  250. 


strength,  will  be  seen.    The   strength  of  the  two  forms  is  in 
inverse  proportion  to  the  length  of  the  teeth,  or  as  100  is  to  150. 
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Two  cases  usually  arise,  one  where  the  load  is  variable  but 
maximum  load  is  known,  and  the  other  where  the  working  load 
is  substantially  a  constant  amount.  For  the  first  case  a  fibre 
strain  of  2^500  pounds  and  for  the  second  a  fibre  stress  of  2,000 
pounds  gives  excellent  results. 

The  clearance  is  necessarily  larger  than  for  cut  gears,  and  is 
larger  in  small  than  in  large  gears,  which  we  consider  necessary, 
as  gears  are  not  usually  absolutely  round  and  also  have  sl^ht 
irregularities  on  the  points  and  on  the  bottom  of  the  teeth, 
which  are  comparatively  greater  in  small  gears  than  they  are  in 
larger  ones.  The  most  difficult  problem  was  to  decide  just  what 
proportion  to  use,  and  here  engineers  may  differ  as  they  give 
one  or  another  factor  greater  prominence.  The  formula  here 
given  has  been  used  for  several,  years  with  ever-increasing  satis- 
faction. In  our  design  we  do  not  use  pinions  having  less  than 
twenty  teeth. 

The  length  of  the  teeth  and  the  clearance  are  intended  to  be 
sufficient  to  permit  a  slight  variation  in  the  castings  arising 
from  the  difference  in  the  shrinkage  of  wheels  made  at  different 
times,  and  also  to  allow  a  reasonable  amount  for  the  wear  of  the 
shaft  bearings  without  affecting  the  good  working  of  the  gears. 

P,  circular  pitch  in  inches. 

Aj  addendum. 

27,  dedendum. 

jP,  face  of  tooth  in  inches. 

(7,  clearance. 

W,  maximum  load  in  pounds. 

J  =  .2P.  r=  1,320  P. 

2)  =.2  P.  Tr'=],650P. 

(7  =  .05  (P  +  1).  P  =  2  P  +  1. 

I  append  a  table  of  the  working  load  in  pounds  on  a  cast-iron 
short-tooth  spur  gear  of  twenty  teeth.  The  last  two  figures  in 
the  result  are  approximated. 


p. 

w. 

w\ 

P. 

w. 

W. 

ritch  in  inchefl. 

Working  load 

Maxima  m  load 

Pitch  in  inches. 

Working  load 

Maximqm  load 
Inlbs. 

m  lbs. 

ill  lbs. 

in  lbs. 

1 

1.820 

1,650 

H 

6,700 

8,800 

u 

2,800 

2,CC0 

2i 

8,300 

10,5iK) 

It 

8,000 

8.700 

31 

10,000 

12,500 

4,100 

5.000 

8 

12,000 

14,800  . 

3 

6,800 

6,600 
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Mr,  Keid. — Do  you  use  involute  teeth  ? 

Mr.  Hunt.—^e  use  involute  teeth  only. 

Mr.  Ohedin  Smith.— 1  want  to  deny  Mr.  Hunt's  first  "  £act " 
— the  general  statement  that  making  the  gear  wider  does  not 
make  it  stronger.  I  will  admit  that  in  practical  working,  it  is 
very  often  the  case  with  certain  classes  of  gears  that  it  does 
not  do  any  good  to  make  the  face  wider,  simply  for  the  reason 
that  the  shafts  spring  out  of  line;  but  assuming  shafts  that 
do  not  spring,  for  instance,  if  a  pinion  and  gear  are  set  right 
between  two  bearings,  with  their  shafts  but  little  longer  than 
themselves,  so  that  their  own  strength,  being  of  so  great 
diameter,  will  prevent  any  bending,  I  don't  believe  the  state- 
ment that  increasing  the  width  does  not  increase  the  tooth 
strength.  Where  the  gear  is  on  the  end  of  a  shaft  and  over- 
hangs the  bearing,  of  course  the  shaft  will  spring,  but  how 
much  depends  on  the  diameter  of  the  shaft  ?  On  a  very  large 
shaft  the  gear  could  be  much  wider  than  on  a  slim  and  springy 
shaft.  But  assuming  the  element  of  the  springing  of  the  shafts 
out  of  line  to  be  practically  eliminated,  it  must  be  evident  that 
a  gear  two  inches  wide  is  twice  as  strong,  or  more  so,  than  a 
gear  one  inch  wide  ;  for  if  we  pu*t  them  apart  on  the  same  shaft 
one  gear  would  drive  X  pounds  and  the  other  would  also-drive 
that  much,  and  they  would  both  together  be  driving  2X  pounds. 
It  would  not  hurt  them  to  slide  them  up  until  they  touched  one 
another,  when  they  would  practically  become  one  gear ;  and  if 
we  merge  them  together  so  that  they  are  one  piece  of  metal 
instead  of  two,  we  have  them  somewhat  stronger  still,  because 
the  teeth  are  joined  together  and  are  braced  and  supported, 
preventing  to  a  certain  extent  the  danger  of  comers  breaking 
off.  The  other  point  Mr.  Hunt  brought  up  I  fully  agree  with. 
I  believe  in  making  a  gear  tooth  as  short  as  it  can  be  made  and 
run  properly,  consistently  with  wear  and  driving  quality,  rather 
than  to  use  some  of  the  old-fashioned  long  teeth. 

Mr.  Geo.  1.  Sockioood. — I  think  that  Mr.  Smith  is  not  talking 
about  the  same  class  of  gears  which  Mr.  Hunt-  has  in  mind. 
His  remarks  refer  to  gears  which  are  fit  to  run  in  the  finest 
presses,  whereas  Mr.  Hunt  has  reference  to  gears  fit  for  rougher 
work  and  subject  to  accidental  strains. 

Mr.  James  Hartness. — ^Mr.  Eockwood's  remarks  regarding  the 
difference  in  the  condition  of  the  rough  'and  cut  gear  cover 
about  what  I  had  to  say,  excepting  that  I  think  the  difference 
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between  Mr.  Smith  and  Mr.  Hnnt  would  exist  if  there  was  no 
coal  or  other  substance  dropping  between  the  gears.  The  width 
of  cut  gearmay  be  considerably  greater  than  that  of  rough  gear, 
and  I  think  that  is  the  principal  difference  between  Mr.  Smith 
and  Mr.  Hunt. 

Mr.  Snpiee.—lji  regard  to  Mr.  Hunt's  statement,  I  think  it  is 
very  fully  borne  out  by  the  style  of  gear  to  which  he  refers — 
that  is,  to  well-made  cast  gear.  I  think  Fairbaim  made  a  large 
number  of  experiments  or  gathered  a  great  deal  of  information 
on  this  subject,  and  showed  that  broken  teeth  almost  invariably 
fracture  from  one  comer  across  to  the  base.  It  is  very  rarely 
that  we  find  a  good  tooth  breaking  entirely  off  at  the  root. 
The  break  starts  on  one  corner  and  runs  diagonally  upward.  He 
found  that  the  part  of  the  tooth  which  broke  off  was  about  two 
and  one-half  times  the  pitch,  and  I  think  he  made  the  propo- 
sition that  if  the  face  was  two  and  a  half  times  the  pitch,  the 
tooth  was  as  strong  as  it  could  be  made  ;  it  would  break 
across  the  corner  anyhow.  Of  course  this  referred  to  cast 
gearing  as  used  in  mill  transmission  and  not  to  the  cut  machine 
gearing. 

Mr.  Oherlin  Smith, — I  think  I  was  a  little  misunderstood  in 
regard  to  Mr.  Hunt's  statement.  I  admitted  that  in  practical 
work,  and  especially  with  cast  gearing  and  springing  shafts^ 
there  was  a  limit,  and  that  Mr.  Hunt  was  somewhere  near  right 
as  to  the  practical  width  of  gears.  I  only  objected  to  the  general 
statement  that  the  width  of  the  gear  did  not  increase  its 
strength.  It  is  too  general,  and  does  not  apply  to  a  case  where 
the.  cut  gearing  is  nicely  fitted  and  the  shaft  does  not  spring. 
In  that  case  I  say  the  strength  does  depend  on  the  width,  and 
is  about  as  the  width. 

Mr.  Gus,  G.  Henning. — I  think  a  Word  ought  to  be  said  in  favor 
of  cast  gear  if  they  are  made  in  the  proper  manner.  As  cast  gear 
are  generally  made  using  a  wood  pattern  in  sand,  moulded  up, 
when  hot  metal  is  poured  in,  the  result  is  anything  or  nothing 
— cracked  gear  or  anything  else.  The  strength  of  such  gear 
cannot  be  determined  except  accidentally.  But  there  is  a  way 
of  making  cast  gear  so  that  they  will  be  nearly  as  good  as  the 
best  cut  gear,  and  it  is  a  very  simple  way.  Take  a  cut  pattern 
and  mould  it  up  in  a  material  that  will  bake  pretty  hard ;  then 
leave  the  gear  right  in  the  mould,  and  put  the  whole  flask  and 
pattern  in  the  core  oven  and  bake  it.    The  result  will  be  that,  as 
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clay  or  sand  expands  less  than  metal,  the  expanding  metal  pat- 
tern will  crowd  the  sand  so  that  upon  cooling,  the  pattern  will 
lie  loose  in  the  mould,  and  it  can  be  taken  right  out.  The  cope 
is  then  put  on,  and  before  the  flask  is  cold  the  metal  is  poured 
into  the  flask,  which  is  free  from  dirt  or  dusi  The  dust  can  be 
blown  out  with  a  blower  if  it  is  necessary,  but  there  really  is 
not  sufficient  dust  in  the  flask  to  hurt  the  casting.  The  met^  is 
put  into  the  hot  flask,  and  the  result  will  be  gear  which  is  suffi- 
ciently good  to  run  in  a  printing  press  without  any  noise.  These 
gear  are  used  on  printing  presses,  and  people  who  use  them  do 
not  know  that  they  are  not  cut  gear,  because  if  the  cut  gear 
used  as  a  pattern  has  the  slightest  tool  mark  on  it  those  tool 
marks  will  appear  in  the  casting.  Such  gear  are  used  at  the 
present  time.  1  think  the  patent  on  this  method  expired  long 
ago.  Such  gear  are  strong.  As  the  mould  is  hot  when  the 
metal  is  poured  in,  the  shrinking  or  cooling  strains  are  less, 
and  the  metal  is  not  chilled  so  rapidly  when  it  reaches  the 
mould.  It  is,  of  course,  chilled,  but  not  so  fast ;  and,  besides, 
the  hot  flask,  with  all  the  material  in  it,  helps  to  anneal  the  iron 
during  the  cooling  process,  so  that  an  almost  uniform  condition  of 
metal  is  obtained  in  the  gear.  In  ordinary  cast  gear  there  may 
be  anything  but  a  true  gear.  There  are  shrinking  and  cooling 
strains,  possibly  a  bad  core,  slight  cracks  in  the  comers,  even 
though  they  are  not  true  shrinkage  cracks ;  there  are  surface 
shrinkage  cracks  which  are,  I  think,  generally  disregarded,  but 
they  are  of  importance  in  considering  the  strength  of  a  gear. 
Some  loose  material  will  perhaps  get  in  the  surface  of  the  gear, 
and  as  soon  as  the  metal  begins  to  wear  down  it  will  wear  badly. 
There  are  other  reasons  why  an  ordinary  cast  gear  is  never  as 
strong  as  the  formula  indicates ;  and  all  formulse,  except  when 
applied  to  cut  gear  or  annealed  gear,  should  be  empirical  rather 
than  rational,  for  the  reason  that  the  factor  of  uncertainty  can- 
not be  readily  applied  to  a  mathematical — a  rational — formula 
any  easier  than  determining  a  few  strengths  of  different  gear  em- 
pirically, and  then  using  a  formula  constructed  on  those  results 
as  a  basis.  But  the  method  which  I  have  described  will  give 
satisfactory  results,  and  can  be  used  for  large  and  small  gears 
with  equal  facility.  These  -gear  patterns  require  no  taper 
because  the  metal  expands  very  much  more  than  the  surround- 
ing material,  and  they  can  easily  be  lifted  out  without  any 
trouble  whatever,  and  the  material  surrounding  the  pattern  being 
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baked  hard,  of  course,  has  considerable  strength,  especially 
when  the  material  has  been  saturated  with  some  baking  material 
or  substance.  There  will  be  no  difficulty  whatever  in  doing 
that,  and  a  gear  will  be  obtained  which  is  equally  strong  in  all 
parts  and  one  which  operates  with  uniformity.  Any  one  who 
has  seen  printing  presses  run  knows  how  perfect  these  gears 
must  be  in  order  to  run  smoothly  for  long  periods  of  time 
without  the  slightest  interruption. 

Mr,  Chas.  L.  Newcomh. — I  would  like  to  inquire  how  large  a 
gear  they  can  make  this  way.  It  seems  to  me  when  you  put  the 
pattern  into  the  oven  and  bake  it  and  dry  the  sand  the  pitch 
line  must  change,  and  it  cannot  be  correct  in  the  dried  mould,  for 
if  a  large  gear — say,  ten  feet  in  diameter — was  made  this  way  to 
gear  into  one  two  feet  in  diameter,  it  strikes  me  there  would 
be  an  uncertainty  as  to  where  the  pitch  line  would  be,  and  it 
would  not  be  in  the  proper  place.  Therefore  the  gears  would  not 
run  well  together.  If  the  gears  were  made  correct  on  this  man- 
ner, the  method  would  be  practical  only  for  small  gears  for 
light  work  produced  in  large  quantities. 

In  view  of  all  that  has  been  said,  and  the  present  general 
practice,  I  believe  there  is  no  better  way  of  producing  accurate, 
strong,  and  durable  gears  than  by  the  up-to-date  methods  of 
planing  and  milling. 

Mr.  Henning. — I  know  of  gear  48  inches  in  diameter  having 
been  cast  that  way,  which  ran  perfectly,  and  the  pitch  line  did 
not  change,  because  when  the  material  begins  to  cool  down 
sufficiently  to  be  a  solid  mass  the  clay  or  sand  begins  to  cool 
off  with  it  and  the  two  go  together.  In  the  first  place,  the 
pitch  diameter  was  changed  by  the  expansion  of  the  gear  in  the 
mould ;  but  originally  that  clay  was  tight  to  the  wheel,  and,  on 
the  other  hand,  the  molten  metal  coming  in  will  shrink  a  little 
more  than  the  mould  will  afterwards,  so  practically  they  are 
the  same  thing.  The  gear  cannot  be  heard  when  running,  any 
more  than  cut  gear.  If  that  is  true  the  gear  must  certainly  be 
run  together  so  nicely  that  the  variation  of  pitch  diameter  is 
immaterial.  They  can  be  seen  running  on  all  of  the  new 
presses  of  the  Walter  Scott  Company  in  Plainfield,  New  Jersey. 
They  are  putting  them  oa  all  presses  now,  since  about  two 
years,  and  no  one  knows  that  he  is  using  cast  gear  instead  of 
cut  gear  because  they  give  the  same  satisfaction.  They  are 
experimenting  now  on  larger  gear. 
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Mr,  Smith.— I  should  think  a  round  flask  would  keep  the 
clay  more  uniform  in  shrinkage,  whereas  a  square  one  might 
change  its  shape  on  account  of  more  claj  or  sand  at  the 
comers. 

J/r.  Benning. —The  founder  does  not  pay  much  attention  to 
that  because  there  is  always  so  much  packing  material  around 
the  pattern.  I  believe  he  is  guided  by  the  size  of  his  baking 
oven.  If  he  can  get  the  flask  in  the  oven  he  takes  a  flask  of 
that  size. 

The  President. — I  notice  several  gentlemen  have  spoken  of 
gear  running  a  long  time.  I  see  in  the  audience  a  gentleman 
who  has  been  using  them  for  many  years.  I  call  on  ex-Presi- 
dent John  Fritz.  I  think  he  can  give  us  some  experience  of 
days  back  before  we  were  bom. 

Mr.  John  Fritz. — Unfortunately  I  am  not  a  talker,  but  I  must 
say  I  have  listened  to  this  discussion  with  a  great  deal  of 
interesi  Fifty  odd  years  ago  I  could  have  told  you  something 
about  making  gear.  We  tried  all  kind  of  curves  and  all  kinds  of 
teeth,  broad  and  narrow,  cut,  cast,  and  everything  else.  In  those 
days  the  more  wheels  a  man  got  into  a  rolling  mill  the  greater 
engineer  he  was.  But  the  result  was  that  in  many  instances 
they  adopted  practically  the  old  cider  plug  form  of  cog.  Nothing 
else  would  stand.  But  fifty  years  ago  last  December  I  swore 
eternal  hostility  to  all  gear  wheels.  I  came  to  the  conclusion 
that  they  were  a  source  of  trouble,  and  to-day  I  think  I  am 
right.  I  think  if  you  will  all  go  to  work  and  try  to  avoid  the 
gear,  the  more  you  avoid  them  the  better  you  will  be  off. 
There  are  instances  when  it  will  be  necessary  to  use  them,  but 
never  use  a  gear  wheel  if  you  can  avoid  it,  especially  on  heavy 
and  irregular  work. 

I  can  certify  to  the  fact  that  gears  are  conducive  to  profanity. 
I  know  we  used  to  have  a  lot  of  cogs  on  hand  of  various  shapes, 
and  some  segments  of  wheels,  and  I  used  to  be  called  up  in 
the  night ;  the  door  bell  would  ring,  and  the  first  thing  I  would 
hear  was  "  (Jear  wheel  broken,*'  so  I  would  get  out  and  fix  the 
gear  up  the  best  I  could  to  make  it  run  until  Saturday  night  or 
Sunday,  and  then  put  in  another  one.  But  for  rolling  mills  the 
gear  wheels  are  a  curse  ;  and  f  would  not  put  them  in  to  drive 
a  train  of  rolls  under  any  consideration  or  any  place  where  you 
are  going  to  have  sudden  jars.  When  it  comes  to  lost  motion 
and  back  lash,  I  don't  want  them.     I  am  opposed  to  long  faces 
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on  wheels  or  anything  else  or  anybody — I  don't  like  them ; 
but  if  I  have  to  got  the  strength  and  cannot  do  it  without 
getting  a  long  face,  make  a  staggered  wheel  and  box  the  ends 
of  the  teeth.  Then  you  get  double  the  strength  if  the  shaft 
is  out  of  line,  because  you  have  two  points  to  break  instead 
of  one. 

Prof.  Forrest  B.  Jones.* — The  comparison,  made  by  Professor 
Barr,  of  the  relative  strength  of  gear  teeth  as  calculated  by  the 
formula  of  Mr.  Lewis  and  that  used  in  preparing  the  diagrams 
given  in  this  paper,  involves  two  systems  of  gears,  and,  there- 
fore, does  not  show  the  real  relation  between  the  two  methods. 
The  Lewis  formula,  given  above,  is  for  cycloidal  gears  developed 
with  a  rolling  circle  whose  diameter  equals  the  radius  of  a  12- 
tooth  gear  of  the  same  pitch  as  the  teeth  considered.  The 
results  presented  in  the  diagrams  are  for  teeth  whose  describing 
circle  is  of  the  same  diameter  as  a  15-tooth  gear.  The  former 
system  gives  stronger  teeth,  however  they  may  be  dealt  with  in 
making  calculations. 

It  was  not  originally  intended  to  give  any  formulas,  but  since 
the  fundamental  one  has  been  developed  by  Professor  "Barr 
with  an  accuracy  far  within  that  of  the  data  obtainable  and  of 
the  assumptions  which  must  be  made  for  solving  gear-tooth 
problems  involving  strength,  his  formula,  followed  by  others 
developed  from  it,  is  given  below.  The  notation  is  the  same  as 
used  by  him.  It  is  repeated  here  for  convenience  of  reference. 
C  =  circular  pitch  in  inches. 

N  =  number  of  teeth  in  gear. 

8  =  fibre  stress  in  pounds  per  square  inch. 

JV  =  load  per  tooth  in  pounds. 

For  a  gear  face  one  inch  wide  : 


Tr=C75(0.106-?-^^) 

r-     -   ^JL_. 

'^~5'(0.r06i\^- 0.678)  J 


>  For  use  when  N  is  known. 


W=C8  (o.l06-0  215^) 
C=X>[o.246  -  V  .0605  -  4.65^^ J 


-  For  use  when  D  is  known. 


*  Author'a  closure,  under  the  Kales, 
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For  a  width  of  gear  face  =  circular  pitch. 

Tr=(7^^(o.io6--y^) 


C=:i^ 


WN 


For  use  when  N  is  known. 


5(0.106  iyr- 0.678)  J 


W  =  C^S  (0.IO6  -  0.215  ^)  For  use  when  D  is  known. 

When  the  width  of  the  gear  face  is  equal  to  the  circular  pitch 
or  bears  a  given  ratio  to  it,  the  equation  involving  the  diameter 
of  the  gear  contains  both  the  cube  and  square  of  C ;  hence  no 
equation  having  a  general  solution  for  obtaining  C  when  D,  IF, 
and  S  are  given  can  be  obtained  from  the  original  form  given 
above.  The  last  equation  given  can  be  used  tentatively,  of 
course,  for  this  purpose,  by  substituting  assumed  values  of  C  in 
it  and  solving,  continuing  until  a  satisfactory  value  is  found. 

The  diagram  given  by  Professor  Barr  is  certainly  decidedly 
convenient  for  the  range  which  it  covers. 

The  use  of  short  teeth  is  unquestionably  a  step  in  the  right 
direction.  The  wonder  is  that  the  change  has  not  been  made 
many  years  ago.  The  present  proportions  of  long  teeth  seem 
to  have  come  from  those  used  when  mechanical  processes  were 
far  less  exact  than  at  present.  Such  proportions  were  necessary 
when  gears  were  cast  without  much  care  and  skill,  were  fre- 
quently fastened  to  their  shafts  so  as  to  run  out  of  truth,  and 
were  insecurely  held  in  position  by  weak  and  springy  supports. 

Since  the  paper  was  closed  with  a  disclaimer  against  any  de- 
bire  to  discuss  the  accuracy  of  the  assumptions  made  for  de- 
termining the  diagrams,  the  writer  does  not  feel  that  this  part 
of  the  discussion  can  be  taken  up  by  him,  although  the  matter 
presented  by  those  who  spoke  on  this  feature  of  the  problem 
creates  a  strong  desire  to  do  so. 

These  diagrams  were  presented  to  the  Society  only  after  a 
trial  of  two  years  at  the  hands  of  students  in  machine  design- 
ing. It  was  then  thought  that  the  time  and  work  saved  by 
their  use  warranted  their  publication. 
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DCCXXXV.* 
TESTS   OF  THREE  SULZER  ENGINES. 

BT  HAMILTON  A.   HILL,  BOSTON,   MA88. 

(Member  of  the  Society.) 

Our  fellow  member,  Mr.  Carl  Sulzer  of  Winterthur,  Switzer- 
land, one  of  the  firm  of  Sulzer  Brothers  (Gebriider  Sulzer),  has 
placed  in  my  hands,  for  presentation  before  the  Society,  reports 
of  three  tests,  made  within  three  or  four  years,  of  large  mill 
engines  which  seem  to  show  better  results  economically  than 
anything  of  which  we  have  reliable  reports  in  actual  working  in 
textile  mills.  I  cannot  but  feel  that  they  will  therefore  be  of  much 
interest  to  us  as  showing  a  step  in  advance  in  that  movement 
toward  higher  economy  which  is  a  subject  of  so  much  importance 
in  our  Society.  They  have  also  an  interest  as  bearing  on  the 
comparative  economical  value  of  compound  engines  and  those  of 
a  higher  multiple.  There  has  been  of  late,  in  this  country,  a  dis- 
position to  claim  that  compound  engines  could  be  made  to  give 
nearly  the  results  of  the  triple,  or  at  least  that  the  added  economy 
of  the  latter  was  not  sufficient  to  counterbalance  the  additional 
cost  and  expense  of  maintenance  of  the  triple.  It  is  true  that 
cases  have  come  up,  especially  in  our  New  England  mills,  which 
would  seem  to  sustain  this  position,  but  I  for  one  do  not  accept 
this  theory,  but  believe  that  the  triple  engines  did  not  have  the 
best  opportunity  that  could  have  been  given  them,  or  that  par- 
ticular conditions  favored  the  compound  in  particular  cases.  It 
is  therefore  with  the  more  pleasure  that  I  present  these  reports 
which  show  economies  over  any  reported  cases  of  the  com- 
pounds, which  would  certainly  give  a  most  substantial  profit 
on  any  probable  diflFerence  in  cost  and  cost  of  maintenance. 
Another  point  of  interest  is  to  be  noticed.  It  has  been  remarked 
that  in  this  country  the  best  economical  results  have  been  shown 
by  slow-running  pumping  engines,  contrary  to  the  theory  that 

*  Presented  at  the  Uartford  meeting  (May,  1897)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIIl.  of  the  TranmctUyM. 
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speed  should  be  a  factor  in  economy.  The  economies  shown  in 
these  tests  have  been  gained  by  mill  engines  at  comparatively 
high  speed,  which  goes  to  show  that  there  is,  at  any  rate,  no 
necessary  advantage  in  a  slow  speed. 


S 


In  regard  to  the  firm  which  builds  these  engines,  it  is  with- 
out doubt  the  largest  establishment  building  stationary  steam 
engines  in  the  world,  and  there  is  hardly  any  country  to  which 
their  products  have  not  been  sent.  The  works  in  Winterthur 
were  founded  in  1834,  and  an  auxiliary  establishment  at  Ludwigs- 
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hafen,  in  Germany,  in  1881.  They  have  grown  and  prospered 
till  now  the  parent  establishment  covers  some  24  acres  and  the 
German  branch  7^  acres,  and  the  number  of  hands  employed  at 
Winterthur  is  some  2,750,  and  at  Ludwigshafen  over  700.  To 
assist  in  transportation  merely,  they 
have  in  their  yards  at  Winterthur  two 
locomotives,  one  each  of  broad  and 
narrow  gauge,  and  two  special  loco- 
motive cranes ;  and  of  shop  travelling 
cranes  driven  by  electricity  or  by 
rope,  there  are 

2  cranes  of  25  tons  capacity 
10      "       •♦  20    *• 
7      "       '*  15    *• 
6      **       "  12*    * 
and  very  many  lighter  ones. 

Of  engines  of  their  special  type  they 
have  built  since  1867  some  2,400,  many 
from  1,000  to  1,*>00  horse-power  and 
upward.  In  addition  to  these,  their 
engines  are  also  built  under  license 
by  important  firms  in  England,  France, 
Belgium,  Germany,  Austria  and  else- 
where. 

The  engines  themselves  are  of  the 
liberated  valve-gear  type  (Fig.  251), 
the  valves  being  of  the  double-beat 
poppet  variety  (Fig.  252),  lifting  with 
very  little  effort,  and  claimed  by  the 
makers  to  be,  and  to  remain,  tight. 

With  this  introduction,  which  I  be- 
lieve the  general  interest  of  our  Society 
in  this  famous  firm  will  fully  warrant,  I  present  without  further 
words  the  reports  of  tests  which  our  fellow  member  has  trans- 
mitted to  me,  at  my  request,  for  the  purpose. 


FiQ.  252. 


Vertical  Triple  Expcuision  Steam  Engine  of  1,300  indicated  horse- 
potver,  huilt  hy  Messrs,  Sulzer  Bros,,  Winterthur  {Switzerland), 

The  engine  illustrated  (Figs.  253,  254,  and  255)  was  constructed 
in  1891  for  the  Nicolski  Manufactory  Company  of  Savva  Moro- 
soff's  Son  &  Co.,  Orechowo,  near  Moscow. 
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Its  principal  dimensioBs  are  : 

Diameter  of  high-pressure  cyliuder 26       inches.      660  mm. 

"  intermediate         *'        89.4        "        1,000  mm. 

**        **  low-pressure         '*         59.1        "        1,500  mm. 

Stroke 47.25       *        1,200  mm. 

Revolutions  per  minute 76. 

The  high  and  intermediate  cylinders  are  placed  on  one  side, 
the  low-pressure  cylinder  on  the  other  side  of  the  fly-wheeL 
The  wheel  has  20'6"  (6.300  m.)  diameter  and  32  grooves  for  IJ" 
ropes. 

The  cylinders  and  all  covers  are  jacketed. 

The  steam  distribution  is  effected  by  double  seat  balanced 
Sulzer  valves,  those  on  top  being  seated  in  the  cylinder  covers, 
those  at  the  bottom  placed  at  the  side  of  the  cylinders. 

The  shaft  from  which  the  valve  motions  are  derived  lies 
along  the  cylinders,  and  receives  its  motion  from  the  crank  shaft 
through  a  vertical  shaft  and  two  pairs  of  spiral  gears. 

The  admission  valves  of  the  high-pressure  cylinder  are  actu- 
ated by  eccentrics  and  a  releasing  gear  which  is  varied  auto- 
matically by  the  governor  JErom  0  to  60  per  cent.  All  other 
valves  are  operated  by  cams. 

In  addition  to  the  ordinary  governor,  there  is  provided  a  sec- 
ond governor,  which  disconnects  the  steam  stop  valve  as  soon 
as  the  engine  exceeds  its  regular  speed  by  two  revolutions  per 
minute  ;  at  the  same  time  a  valve  is  opened  which  freely  admits 
air  into  the  condenser,  thus  rapidly  stopping  the  engine. 

The  injection  condenser,  into  which  the  steam  is  discharged, 
is  of  the  barometer  type,  the  vertical  discharge  pipe  opening  into 
a  water  level  which  lies  about  36  feet  below  the  cylinders,  and 
thus  carrying  oflf  automatically  the  condensed  steam.  A  single- 
acting  air-pump  removes  the  air  from  the  top  of  the  discharge 
pipe.  It  is  driven  from  the  cross-head  of  the  low-pressure 
cylinder  by  a  rocking  lever  which  at  the  same  time  drives  the 
two  feed  pumps,  a  factory  pump,  and  a  cold-water  pump  for 
raising  the  injection  water  to  the  necessary  height,  whence  it  is 
raised  by  the  vacuum  itself. 

The  steam  cylinders  are  lubricated  by  oil-pumps ;  sight-feed 
lubricators  working  on  the  principle  of  condensation  are  pro- 
vided as  an  extra  reserve. 

All  bearings  and  pins  are  sight  feed,  lubricated  from  an  oil 
reservoir  placed  on  top  of  the  engine ;  the  flow  of  oil  to  each 
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Its  principal  dimensioBS  are  : 

Diameter  of  Ligh-pressure  cyliuder 26       inches.       660  mm. 

"  intennediate         **         89.4        "        1,000  mm. 

"        "  low-pressure         "         59.1        *'        1,500  mm. 

Stroke.. 47.25      "        1,200  mm. 

Revolutions  per  minate 76. 

The  high  and  intermediate  cylinders  are  placed  on  one  side, 
the  low-pressure  cylinder  on  the  other  side  of  the  fly-wheeL 
The  wheel  has  206"  (6.300  m.)  diameter  and  32  grooves  for  IJ" 
ropes. 

The  cylinders  and  all  covers  are  jacketed. 

The  steam  distribution  is  effected  by  double  seat  balanced 
Sulzer  valves,  those  on  top  being  seated  in  the  cylinder  covers, 
those  at  the  bottom  placed  at  the  side  of  the  cylinders. 

The  shaft  from  which  the  valve  motions  are  derived  lies 
along  the  cylinders,  and  receives  its  motion  from  the  crank  shaft 
through  a  vertical  shaft  and  two  pairs  of  spiral  gears. 

The  admission  valves  of  the  high-pressure  cylinder  are  actu- 
ated by  eccentrics  and  a  releasing  gear  which  is  varied  auto- 
matically by  the  governor  from  0  to  60  per  cent.  All  other 
valves  are  operated  by  cams. 

In  addition  to  the  ordinary  governor,  there  is  provided  a  sec- 
ond governor,  which  disconnects  the  steam  stop  valve  as  soon  { 
as  the  engine  exceeds  its  regular  speed  by  two  revolutions  per  j 
minute  ;  at  the  same  time  a  valve  is  opened  which  freely  admits  | 
air  into  the  condenser,  thus  rapidly  stopping  the  engine.  j 

The  injection  condenser,  into  which  the  steam  is  discharged,      j 
is  of  the  barometer  type,  the  vertical  discharge  pipe  opening  into      I 
a  water  level  which  lies  about  36  feet  below  the  cylinders,  and 
thus  carrying  off  automatically  the  condensed  steam.     A  single-      ^ 
acting  air-pump  removes  the  air  from  the  top  of  the  discharge 
pipe.      It  is  driven  from   the   cross-head   of   the  low-pressure 
cylinder  by  a  rocking  lever  which  at  the  same  time  drives  the 
two  feed  pumps,  a  factory  pump,  and  a  cold-water  pump  for 
raising  the  injection  water  to  the  necessary  height,  whence  it  is 
raised  by  the  vacuum  itself.  i 

The  steam  cylinders  are  lubricated  by  oil-pumps  ;  sight-feed 
lubricators  working  on  the  principle  of  condensation  are  pro-     ' 
vided  as  an  extra  reserve. 

All  bearings  and  pins  are  sight  feed,  lubricated  from  an  oil 
reservoir  placed  on  top  of  the  engine  ;  the  flow  of  oil  to  each 
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bearing  can  be  easily  regulated.     The  dripping  oil  is  collected 
in  the  troughs  below  the  cranks ;  from  there  it  passes  through 


6 


filters,  and  is  re-conducted  by  a  pump  to  the  reservoir  on  top, 
so  that  the  same  oil  is  in  constant  circulation.  The  consump- 
tion of  oil  is  thus  kept  exceedingly  low. 
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Convenient  and  ample  platforms  and  stairs  are  provided  to 
make  all  parts  of  the  engine  easily  accessible.  All  moving 
parts  are  protected  by  railings.  Stop  valve,  injection  cock, 
blow-off  cocks,  etc.,  can  be  operated  from  the  bottom  of  the 
engine  as  well  as  trom  the  principal  platform. 

Consumption  trials  were  made  in  December,  1893.  The 
boiler  pressure  was  150  pounds  per  square  inch.  The  boilers 
were  of  the  well-known  Babcock  &  "Wilcox  type.  The  load 
varied  for  the  different  trials  between  1,150  and  1,250  indicated 
horse-power.  Under  these  circumstances  a  steam  consumption 
of  1\,1  jmunds  per  indicated  horse-power  and  hour  was  recorded. 
The  load  has  since  been  increased,  and  is  now  from  1,400  to 
1,500  indicated  horse-power.  The  engine  is  working  exceed- 
ingly well  and  giving  complete  satisfaction. 

Ilorizontal  Triple  Expansion  Steam  Engine  of  2,000-2,500  indi- 
caied  horse-power^  built  by  Messrs.  Suher  Eros,,  Wivterthur 
{Switzerland). 

(Prom  the  special  report*  of  the  Society  of  German  Engineer?.) 

This  engine  is  driving  the  cotton  mill  of  Mr.  L.  Konig,  Jr., 
St.  Petersburg.     (Figs.  256  and  257.) 

It  is  built  as  a  four-cylinder  engine,  the  low-pressure  cylinder 
being  divided  in  two  owing  to  its  size.  There  are  on  each  side 
of  the  fly-wheel  two  cylinders,  arranged  in  tandem.  The  high- 
pressure  and  one  of  the  low-pressure  cylinders  act  on  the  left- 
hand  crank,  while  the  intermediate  and  second  low-pressure 
cylinder  are  opposite.  The  cranks  are  coupled  at  90  degrees. 
Two  air  pumps  are  provided,  corresponding  to  the  two  low- 
pressure  cylinders. 

The  principal  data  are  : 

Diameter  of  high-pressnre  cylinder 80.    inches.  760  mio. 

"intermediate          "        44.5  "  1.130  ** 

*'         **  each  low-pressure  cylinder 51 .6  '*  1,810  ** 

'*  piston  rods 7.9  "  200  '* 

Stroke  of  all  pistons 6.6  *'  2,000  " 

Revolutions  per  minute 56 

Diametec  of  each  air  pump 22.  **  560  *' 

Stroke  of  each  air  pump 28.62  "  600  ** 

Diameter  of  fly-wheel 29.2  **  8.880  ** 

Number  of  grooves  for  2-incli  hemp  ropes 86. 
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The  two  cylinders  on  either  side  are  connected  to  each  other 
by  strong  intermediate  cast-iron  frames,  allowing  easy  access  to 
the  inside  stuffing-boxes  and  covers.  All  cylinders  are  seated 
on  cast-iron  foundation  plates,  upon  which  they  are  free  to 
slide  longitudinally,  thus  following  easily  the  expansions  caused 
by  the  heai  Cylinders  and  covers  are  provided  with  steam 
jackets,  which  are  traversed  by  the  steam  on  its  passage  to  the 
respective  cylinders. 

The  cylinders  have  liners  of  a  special,  very  hard  cast-iron 
mixture.  The  steam  distribution  is  effected  by  four  double-seat 
balanced  valves,  the  inlet  valves  being  arranged  on  top,  th^  dis- 
charge valves  at  the  bottom  of  the  cylinder. 

The  engine  frame  is  made  in  two  parts  for  sake  of  easy  trans- 
portation ;  the  part  next  the  cylinders  containing  the  cross- 
head  slides,  the  other  one  the  crank-shaft  pedestal.  The  two 
parts  are  connected  by  flanges  and  bolts,  and  rest  with  three 
strong  feet  on  the  foundation. 

The  crank-shaft  bearings  are  made  in  four  parts,  adjustable  by 
means  of  wedges;  the  bearing  surfaces  are  babbitted.  The 
diameter  of  the  crank  shaft  is  17.3  inches  in  the  bearings  and 
25.5  inches  in  the  centre.  The  shafts  running  along  the  cylinders 
and  actuating  the  valve  motion  are  driven  by  double  pairs  of 
worm  gears  from  the  crank  shaft.  The  governor  is  also  driven 
by  worm  gearing. 

The  inlet  valves  of  the  high-pressure  cylinder  are  operated 
by  eccentrics  and  a  releasing  gear,  which  is  varied  automati- 
cally by  the  governor  within  the  limits  from  0  to  55  degrees  ;  all 
other  valves  are  operated  by  cams,  which  are  adjustable  by 
hand  within  certain  limits. 

The  governor  is  provided  with  a  safety  arrangement,  which 
automatically  disconnects  the  valve  gear  and  stops  the  engine. 

Each  side  of  the  engine  is  provided  with  its  own  condensa- 
tion, the  air  pumps  being  driven  from  the  main  cranks  by  means 
of  vertical  rods  and  angle-rocking  levers.  The  pumps  are  of 
the  horizontal  type,  double-acting.  Two  horizontal  feed  pumps 
are  bolted  to  the  foundation  frames  of  the  air  pumps  and  also 
driven  from  the  rocking  levers. 

Steam  stop  valve,  secondary  valves,  injection  cocks,  blow-off 
cocks,  etc.,  are  all  operated  from  the  engine  driver's  stand,  which 
is  in  the  centre  of  the  engine. 

The  steam  cylinders  are  lubricated  by  means  of  oil  pumps, 
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the  crank-shaft  bearings  bj  rotary  pumps,  which  keep  the  oil 
in  constant  circulation. 

Convenient  platforms  are  provided  along  the  cylinders,  allow- 
«ing  easy  access  to  the  valves,  valve  gear,  etc. 

The  fly-wheel  is  of  the  built-up  type  generally  used  in 
America.  It  practically  consists  of  two  independent  wheels 
bolted  to  each  other  at  the  rims.  The  arms,  12  for  each  wheel, 
are  cast  hollow  and  secured  to  the  hub  and  rim  by  four  strong 
bolts.     The  wheel  weighs  78  tons. 

A  barring  *  engine  is  arranged  for  turning  the  engine  slowly ; 
its  gearing  is  automatically  disengaged  as  soon  as  the  main 
engine  begins  to  run  by  itself. 

For  steam  generation  1 1  horizontal  Cornwall  boilers  are  pro- 
vided, each  having  754  square  feet  heating  surface,  and  19.4 
square  feet  grate  surface.  These  boilers,  which  have  also  been 
built  by  Messrs.  Sulzer  Bros.,  are  made  of  Siemens-Martin 
steel.  Their  diameter  is  6  feet,  length  over  all  28  feet  10 
inches,  diameter  of  corrugated  flue  37i  inches  to  41^  inches. 
Above  each  boiler  and  connected  with  it  at  the  back  end  by 
short  pipes  of  16  inches  diameter,  are  two  horizontal  steam 
drums  of  24  inches  diameter  and  26  feet  long,  through  which 
the  steam  passes  on  its  way  to  the  engine. 

The  combustion  gases,  after  their  passage  through  the  boiler 
flue  and  along  the  shell,  return  along  these  drums,  thus  com- 
pletely drying  the  steam. 

The  engine  was  started  early  in  1895,  and  accurate  consump- 
tion trials  were  made  in  August  of  the  same  year  by  the  engi- 
neers of  the  mill  and  the  builders.  The  principal  results  are 
given  bel  )W.  Diagrams  were  taken  every  fifteen  minutes  from 
every  cylinder  end.  The  indicator  springs  were  repeatedly 
tested  before  and  after  the  trials,  and  the  average  of  the  scales 
thus  obtained  was  taken  as  base. 

The  principal  trials  were  carried  out  on  August  10th  and 
17th  ;  their  duration  had  to  be  limited  to  about  five  hours  for 

*  As  barring  engines  are  apparently  not  in  use  in  America,  though  universal 
abroad  on  large  engines,  it  may  \ye  of  interest  to  explain  that  they  are  small 
engines  with  a  gear  on  their  main  shafts  standing  beside  the  fly-wheel  of  tbe 
main  engine.  The  gear  teeth  mesh  into  teeth  cast  in  the  face,  the  edge,  or  the 
inside  of  tbe  fly-wheel  rim,  and  turn  the  engine  over  when  steam  is  not  oo. 
Wben  the  engine  starts  witb  its  own  steam,  and  the  rim  moves  faster  than  the 
driving  gear  of  the  barring  engine,  the  latter  is  so  arranged  as  to  throw  promptly 
out  of  gear. 
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each  trial,  as  the  working  conditions  of  the  mill  would  not  allow 
to  go  beyond  this  limit 


PRINCIPAL  RESULTS. 

No.  of  test L  n. 

Date August  10 

Duration minutes      806  332 

Number  of  diagrams  taken. , 8x80  8x23 

Steam  pressure  at  the  entrance  of  first 

cylinder lbs.          153  155 

Vacuum  on  riglit  side  of  engine,  height 

of  mercury ins.        27flf  27i\ 

Vacuum  on  left  side,  height  of  mercury  ins.        27iV  ^^i 

Revolutions  per  minute 56.23  56.28 

LH.P.* LH.P.  1,807  1,860 

Feed  water  consumption  per  hour. ...  lbs.     21,710  21,148 
Water  condensed  in  main  steam  pipe 

per  hour lbs.      172.8  90.4 

Steam  cnnsumptioo  of  eugine  (all  jacic- 

etsincluded) lbs.     21,538  21,058 

Steam  consumption  per  I.  H.  P.  and 

hour lbs.      11.873  11.830 

Average 

Number  of  boilers  at  work 8  7 

Total  heating  surface  at  work sq.  ft.     6,028  5,274 

English  coal  burnt  per  hour lbs.       2,496  2,489 

EnglishcoalburutperLH.  P.andhour  lbs.       1.316  1.338 

Average 
Water  evaporated  per  sq.  foot  of  heat- 
ing surface  and  hour. . lbs.        8.6  4.0 

Water  evaporated  by  1  lb.  of  coal lbs.       8.78  8.49 

Ave:  age 


in. 

IV. 

August  17 

272 

827 

8x20 

8x28 

156.4 

157.2 

27* 

27^ 

27A 

27i 

56.18 

56.18 

1,875 

1,848 

21,315 

20,731 

79.4 

79.4 

21,236 

20,652 

11.880 

11.177 

11.802 

7 

7 

5,274 

5.274 

2,885 

2,154 

1.272 

1.167 

1.274 

4.07 

8.92 

8.97 

9.62 

8.965 

Remark. — The  boilers  had  been  at  work  for  from  six  to  nine- 
teen weeks  without  being  cleaned,  and  the  attendance  of  the  fires 
left  much  to  be  desired ;  besides,  the  duration  of  each  trial  was 
very  restricted.  These  circumstances  may  largely  account  for 
the  differences  and  the  somewhat  unfavorable  results  of  evapora- 
tion. In  another  plant  at  St  Petersburg,  with  exactly  the  same 
boilers  and  the  same  kind  of  coal,  10.2  to  10.4  pounds  of  water 
were  evaporated  at  regular  daily  work,  as  evinced  by  numerous 
trials  extending  over  a  considerable  length  of  time. 


*  The  load  has  since  been  increased  to  2,800-2,400  I.  H.  P. 
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FiQ.  258. 
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Fio.  259. 
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Fig.  260. 
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Fig.  261, 
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Extract  from  the  official  report  upon  the  Consumption  Trials  of  the 
Horizontal  Triple  Expansion  Sulzer  Steam  Engine  at  the  works  of 
Messrs.  G.  F.  Solbrig  SonSy  Chemnitz  {Germany)^  Deoembery  1895. 

(From  reporU  of  the  Saxon  Boiler  Inspection  Co.,  office  in  Chemnitz.) 

The  principal  dimensions  of  the  engine  are  as  follows : 

Diameter  of  high-pressure  cylinder 20. 5  inches.   520  mm. 

•Mntermediate  **       31.5      "        800mm. 

•Mow-pressure        "       47.25    *•     1,200mm. 

Stroke 55.2      "     1,400  mm. 

Revolutions  per  minute 06. 

The  high-pressure  and  intermediate  cylinders  are  arranged  in 
tandem,  acting  on  one  crank ;  the  low-pressure  cylinder  is  placed 
opposite,  acting  on  the  second  crank.  The  cranks  are  coupled 
under  90  degrees. 

There  were  two  principal  trials  made  with  the  engine,  one 
under  ordinary  working  load,  the  other  with  electric  light  added. 
Steam  was  supplied  by  two  Cornwall  boilers  of  969  square 
feet  heating  surface  and  31  square  feet  grate  surface  each. 

The  steam  was  lightly  superheated,  as  indicated  in  the  table 

below. 

RESULTS. 

Trial  I.  Trial  IL 

Duration  of  trial Minutes  204  279 

Total  consumption  of  feed  water lbs.          28,244      -86,763 

Water  condensed  in  main  steam  pipe lbs.  94.6  114.4 

Percentage  of  condensed  water  to  total  feed 

water p,  c.  0.4.  0.8 

Total  steam  consumption  of  engine lbs.          23,148  86,648 

Steam  consumption  per  hour lbs.  6,808  7,881 

Initial  steam  pressure lbs.  per  sq.  in.      168.75  168 

Temperature  of  steam  near  the  engine. . . .  deg.  F.  886.6  388.4 

Superheating  of  steam deg.  F.  16.2  18.0 

Initial  pressure  in  high-preesure  cylinder.  lbs.  168  167.5 

Cut-off p.  c.  0.16  0.225 

Vacuum  in  low-pressure  cylinder lbs.  per  sq.  in.       13.53  13.38 

Barometer  reading ins.  28. i  28.} 

Efficiency  of  condenser p.  c.  0.93  0.98 

Reyolutions  per  minute 65.80  65,33 

Pistonspeed feet  605  601 

Power  developed. 

I.  Cylinder I.  H.  P.  257.6  280.5 

11.  Cylinder I.  H.  P.  149.2  180.5 

III.  Cylinder I.  H.  P.  224.0  274.1 

Total  I.  H.  P.  of  engine I.  H.  P.  630.8  735.1 

Steam  consumption. 

Per  I.  H.  P.  and  hour lbs.  10.80       10.71 
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APPENDIX. 


Since  the  original  body  of  this  paper  was  received  from 
Messrs.  Sulzer,  some  illustrative  indicator  cards  (Figs.  258,  259, 
260,  261)  have  been  enclosed  in  a  communication  to  the  under- 
signed, in  which,  furthermore,  certain  views  are  expressed.    The 


Fio.  262. 


cards  are  from  the  Solbrig  engine,  but  are  reproduced  as  typical 
only,  and  are  not  the  exact  cards  taken  in  the  test  of  the  engines 
above  presented.  The  remarks  on  drop,  jacket  practice,  and  on 
superheating  are  quoted  with  the  more  pleasure  as  they  express 
the  very  large  experience  of  this  Swiss  firm  on  matters  which 
are  still  much  debated  in  this  country. 
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Extract  from  the  letter  of  Mr.  Carl  Sulzer : 

"  1  send  you  enclosed  two  sets  of  indicator  cards  (Figs.  268  to  261).  The  dia- 
grams of  all  our  triple-expansion  engines  are  very  much  alike,  eo  that  these 
may  be  regarded  as  typical. 

"As  regards  drop  between  the  cylinders,  we  find  from  theoretical  consider- 
ations, as  well  as  from  our  extended  experience,  that  such  should  be  entirely 
avoided  if  the  very  best  economy  is  to  be  obtained.  You  will  find  our  diagrams 
in  accordance  with  this  consideration. 

**  As  regards  jacket  steam,  our  practice  is  to  pass  the  working  steam  firet  into 
the  jacket  and  then  into  the  bore  of  each  cylinder  in  succession.  From  a  good 
many  comparative  trials  we  find  this  system  the  best,  everything  considered. 
We  have  formerly  tried  the  heating  of  all  jackets  by  direct  steam,  aho  the 
heating  of  tubular  receiver.^,  but  have  found  no  advantage  in  so  doing.  With 
our  present  system  the  jackets  are  very  well  drained  ;  there  is  no  chance  for  air 
accumulating  ;  the  piping  and  corresponding  losses  are  considerably  reduced  ; 
the  low-pressure  cylinders  need  not  be  made  strong  enough  to  carry  boiler  pres- 
sure ;  their  radiation  is  reduced,  etc. 

*'  As  to  Buperlieating,  we  generally  do  it  by  means  of  spiral  coils  ;  there  is 
a  large  variety  of  designs  for  the  various  types  of  boilers. 

•'  You  must  not  consider  the  plan  of  our  Winterthur  works  (Fig.  262),  which  I 
enclose,  as  model  works  in  every  respect.  They  have  grown  up  by  degrees,  and 
I  feel  sure  there  are  many  points  which  could  be  improved  upon  if  the  works 
were  to  be  built  anew.  A  good  many  of  our  latest  machTne  tools  have  been 
ordered  from  America.  For  special  machinery  we  have  a  separate  drawing  ofiice, 
and  have  designed  and  built  quite  a  number  of  machines  and  appliances  of  a 
special  nature  which  are  not  in  the  general  market. 

**  Yours  truly, 

Cabl  Sulzer.'' 

DISCUSSION.  ' 

Mr.  Geo.  I.  Bocktoood. — Mr.  Hill  deserves  praise  for  his  enter- 
prise in  securing  these  drawings  and  data  for  publication  in  the 
Transactions^  thereby  fastening  the  attention  of  the  engineers  of 
this  Society  upon  the  successful  practice  in  steam-engine  con- 
struction of  Messrs.  Sulzer  Brothers. 

The  chief  difference  between  tliese  engines  and  those  common 
with  us  lies  of  course  in  the  valves  and  valve  gear  employed. 
That  the  double-beat  poppet  valve  has  remained  in  the  back- 
ground of  American  favor  is  easily  explained  on  other  grounds 
than  those  of  intrinsic  merit.  Undoubtedly  the  principal  cause 
of  the  neglect  of  the  poppet  valve  in  America  was  the  choice  of 
the  rotary  form  of  valve  by  George  H.  Corliss  when  he  intro- 
duced the  automatic  cut-off  principle  of  controlling  the  speed  of 
steam  engines  so  widely  and  so  quickly  throughout  the  world. 
The  overshadowing  genius  of  Mr.  Corliss  as  a  steam  engineer 
and  as  a  manufacturer  of  the  Corliss  wrist-plate  gear,  which  is 
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not  applicable  to  working  poppet  valves,  prevented  the  growth 
of  any  other  kind  of  gear  in  the  United  States  up  to  a  very 
recent  period. 

However,  the  poppet  valve  has  not  been  entirely  overlooked 
here.  For  the  past  forty  years  the  Putnam  Machine  Company, 
of  Fitchburg,  Massachusetts,  have  built  engines  of  unsurpassed 
workmanship,  equipped  with  a  very  simple  and  excellent  form 
of  poppet  valve  gear.  The  double-beat  valves  differ  from  those 
of  the  Sulzer  type  in  respect  of  the  shape  of  the  seats,  which  are 
flat  instead  of  bevelled.  Of  late  years  the  Nordberg  Manufac- 
turing Company  of  Milwaukee,  of  which  company  Mr.  B.  V. 
Nordberg  of  this  Society  is  vice-president  and  mechanical 
engineer,  has  been  in  the  field  with  a  gear  almost  like  that  of 
Sulzer  Brothers. 

It  has  seemed  to  me  for  some  time  that  no  other  valve  has 
been  produced  which  is  superior  in  form  for  dealing  with  the 
high  pressures  now  becoming  so  common  with  us.  That  the 
claim  of  Messrs.  Sulzer  Brothers  regarding  the  permanent 
tightness  of  the  poppet  value  is  true,  I  know  of  my  own  ex- 
perience. I  have  yet  to  find  an  instance  of  a  cylinder  with 
rotary  or  slide  valves  which  is  as  tight  under  140  pounds  steam 
pressure  as  the  poppet  valve  cylinders  have  been  with  which  I 
have  had  to  do.  Moreover,  the  assertion  is  sustained  by  the 
very  fine  records  of  performance  given  in  connection  with  the 
descriptions  of  these  three  engines,  which  could  not  have  been 
achieved  without  absolute  tightness  of  valve  closure. 

Two  important  novelties  to  an  American  engineer  are  ex- 
hibited in  the  sectional  elevation  of  the  upright  engine  shown 
in  Fig.  253  and  Fig.  254.  One  is  the  design  of  the  cylinder 
heads.  Possibly  there  is  no  difficulty  in  packing  the  two  annu- 
lar joints  between  the  upper  end  of  each  cylinder  with  its 
jacket  and  the  cylinder  cover.  It  is  easy  to  see  how  the  out- 
side joint  of  the  two  could  be  made  tight ;  and  under  the  system 
of  jacketing  employed  it  is  of  less  consequence  if  a  slight  leak 
existed  at  the  inside  joint  of  the  low-pressure  cylinder,  between 
the  jacket  and  the  inside  of  the  cylinder,  than  would  be  the  case 
if  live  steam  were  contained  in  the  jacket  As  it  is,  there  is  no 
danger  of  getting  up  boiler  pressure  on  the  low-pressure  piston 
with  steam  on  the  jacket  and  the  engine  shut  down.  The  other 
novelty  of  design  to  which  I  refer  is  that  of  the  air  pump  and 
the  novelty  of  the  method  of  maintaining  the  vacuum.    This 
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method  seems  to  me  an  ideal  way  when  there  is  sufficient  head 
to  the  water  used  for  condensing  purposes. 

The  first  point  of  interest  to  note  is  the  remarkable  difference 
in  economy  between  the  performance  of  the  engine  described  on 
page  810  and  that  of  a  Sulzer  engine  of  the  same  size  and  run 
under  the  same  conditions,  built  two  or  three  years  before  and 
tested  by  Professor  Schroter.  This  test  is  recorded  by  Profes- 
sor Denton  on  page  1367  of  vol.  xiv.  of  the  Traihsactions.  Its 
cylinders  are,  roughly,  20  inches,  80  inches,  and  47  inches  by 
55.2  inches  stroke.  It  ran  at  a  speed  of  66.4  revolutions.  The 
steam  pressure,  however,  was  only  145  pounds  against  168 
pounds  in  this  case.  The  steam  was  superheated  16  degrees  in 
the  case  reported  by  Mr.  Hill.  The  test  of  this  engine  gives 
the  water  consumption  as  12.73  pounds  against  a  performance 
of  10.75  in  the  paper.  The  difference  represents  a  saving,  due 
to  superheating  and  to  the  use  of  steam  of  25  pounds  higher 
pressure,  of  15.6  per  cent.  But  the  18  inches  and  44  inches  by 
72  inches  tandem  compound  engine  at  the  Grosvenor  Dale  Com- 
pany's plant  ran  under  the  same  conditions,  roughly,  as  the 
engine  tested  by  Professor  Schroter.  The  steam  consumption 
was  found  by  Mr.  Barrus  to  be  12.47  pounds  per  L  H.  P.  per 
hour.  This  shows  that  the  compound  does  better  than  the  Sul- 
zer triple  expansion  when  the  two  are  run  under  conditions 
which  are  comparable. 

The  performances  of  these  three  Sulzer  engines  are  extremely 
good,  of  course.  The  engines  worked  under .  the  very  best  con- 
ditions. They  are  all  big  engines,  working  with  tight  valves 
and  pistons,  extra  high  steam  pressure,  moderate  speed,  efficient, 
well-balanced  jacket  action,  superheated  steam,  unusually  good 
degree  of  vacuum  in  condenser,  and,  most  important  of  all,  the 
poppet  valve  was  used.  This  valve  has  one  considerable  ad- 
vantage over  multiported  slide  valves  in  that  it  presents  a 
minimum  of  condensing  area  for  a  given  port  area. 

If  Mr.  Hill  wants  to  make  out  a  case  against  the  compound 
engine,  he  will  have  to  quote  tests  of  the  same  engine  run  with 
and  without  its  intermediate  cylinder.  Tests  of  Sulzer  triple 
expansion  engines  cannot  be  justly  compared  with  compound 
engine  performance  unless  the  comparative  conditions  are  also 
carefully  weighed.  I  certainly  should  not  be  justified  in  com- 
paring the  results  given  in  the  paper  with  those  obtained  by 
Bchroter  from  a  compound  engine  which  he  tested,  finding  a 
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steam  consumption  of  but  10.2  pounds.  Yet  it  is  a  fact  that  the 
compound  engine  has  yielded  the  very  least  consumption  of 
steam  per  I.  EL  P.  and  per  hour  of  all  types  of  engines  which 
haye  been  tested.  This  fact  signifies  less  to  us  when  it  is  con- 
sidered that  the  Schmidt  engine  tested  by  Schroter  was  supplied 
with  steam  highly  superheated. 

The  fact  remains  that  in  the  mills  of  New  England  there  are 
compound  engines  at  work  which  are  as  economical  as  any  triple 
or  higher  multiple  cylinder  mill  engine  in  that  region,  and  if 
the  compound  engine  could  be  found  .which  works  with  tight 
poppet  valves,  good  jacket  action,  170  pounds  initial  pressure, 
28  inches  of  vacuum  in  the  condenser — in  other  words,  under 
conditions  comparable  with  the  conditions  of  operation  of  the 
Sulzer  engine — then  I  have  no  doubt  that  the  steam  per  delivered 
horse-power  per  hour  would  be  considerably  less  than  that  of 
the  Sulzer,  good  as  that  record  is. 

Prof.  D.  8.  Jacobus. — I  think  it  would  be  well  for  Mr.  Hill  to 
state  authorities  for  the  tests  given  in  the  paper.  If  the  tests 
were  made  by  the  engine  builders  there  is  a  feeling  with  many 
of  us  that  there  is  a  tendency  in  human  nature  to  get  them  too 
low.  As  Mr.  Bockwood  has  said,  a  test  on  one  of  the  Sulzer  en- 
gines made  a  few  years  ago  by  Professor  Schroter  gave  a  steam 
consumption  of  12.73  pounds. 

In  1891  Professor  Denton  made  a  comparison  of  compound 
and  triple  engines.  Taking  the  consumption  of  the  compound 
engine  at  13.6,  and  comparing  it  with  the  triple  engine  having  a 
consumption  of  12.45  pounds,  he  showed  that  if  we  consider  the 
difference  of  capital  investment  and  depreciation,  the  difference 
was  only  2.3  per  cent,  in  favor  of  the  triple  for  a  plant  run  10 
hours  a  day  and  800  days  per  year.  These  results  were  pre- 
sented at  the  Washington  meeting  of  the  American  Association 
for  the  Advancement  of  Science.  It  was  also  shown  that  the 
difference  in  favor  of  the  compound  in  regard  to  capital  invest- 
ment, etc.,  amounted  to  7  per  cent,  of  the  cost  of  the  coal  at  $4 
per  ton. 

If  we  make  the  same  comparison,  taking  the  figures  given  in 
the  paper  and  the  figures  now  claimed  for  compound  engines, 
which  have  also  been  brought  down  about  one  pound  during 
the  last  few  years,  we  will  see  that  the  comparative  results  are 
about  the  same  as  when  the  problem  was  worked  out  by  Profes- 
sor Denton. 
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Let  US  consider  the  figures  in  the  tables  given  in  the  paper. 
The  average  consumption  of  the  first  two  engines  is  11.5 
pounds  per  hour  per  horse-power.  Now,  if  we  add  the  7  per 
cent,  to  allow  for  the  difference  in  the  capital  investment,  etc., 
the  figure  becomes  12.3  pounds.  A  compound  engine  consum- 
ing 12.3  pounds  would,  therefore,  give  the  same  economy  as  the 
triple  engine  consuming  11.5  pounds  per  hour  per  horse-power. 
The  figure  of  12.3  pounds  has  been  attained  in  compound  en- 
gines. For  example,  in  the  case  of  the  Louisville  engine,  tested 
by  Mr.  Dean  and  reported  to  this  Society  at  one  of  the  previous 
meetings,  the  consumption  was  12.16  pounds.  Mr.  Bockwood 
has  also  obtained  figures  in  the  neighborhood  of  12  pounds  and 
lower.  The  figures  which  Mr.  Bockwood  has  just  given  for  a 
compound  engine  tested  by  Professor  Schroter  were  obtained 
with  highly  superheated  steam,  and  are,  therefore,  not  directly 
comparable  with  those  obtained  with  steam  not  so  superheated. 

Mr.  H.  H.  Suplee. — I  do  not  wish  to  discuss  the  engines ;  but 
it  was  my  privilege  a  little  over  a  year  ago  to  make  a  visit  to 
these  works  of  Messrs.  Sulzer  at  Winterthur  and  to  be  shown 
through  the  establishment  by  Mr.  Carl  Sulzer,  and  I  could  not 
help  admiring  the  beautiful  workmanship  put  upon  their  prod- 
ucts. The  establishment  had  been  recommended  to  me  as 
acknowledged  to  be  the  finest  engine-building  works  on  the  con- 
tinent, and  certainly  that  opinion  was  borne  out  by  what  I  saw 
of  this  establishment.  It  is  mentioned  in  the  paper  that  many 
of  the  tools  in  the  shop  are  of  American  make,  and  I  observed 
also  that  many  of  the  remainder  were  European  copies  of 
American  tools.  I  think  many  of  the  tools  came  from  this  city 
of  Hartford.  It  is  very  probable  that  the  fine  workmanship  put 
on  all  of  Messrs.  Sulzer's  work  has  something  to  do  with  the 
high  efficiency  of  these  engines. 

Prof.  B.  II.  Thiraton. — It  may  be  interesting  to  place  on  the 
record,  besides  these  figures  for  the  great  engines  of  Sulzer 
Brothers,  the  accompanying  set  of  data  from  the  little  engines 
of  Schmidt,  as  recently  sent  me  from  abroad.  The  details  of 
the  trials  which  have  given  these  results  may  be  found  in  the 
Zeit^chrift  des  Vereines  Deutscher  Ingenieure^  Band  xxxx.  The 
economy  of  these  engines  would  be  several  per  cent,  greater, 
presumably,  were  they  reproduced  on  the  large  scale  of  the 
Sulzer  engines.  This  fact  is  indicated  in  the  table  by  differ- 
ences there  to  be  noted  between  the  smaller  and  the  larger  sizes 
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reported  npon.  The  gain  by  snperhemtinf;  is  seen,  farther,  to 
Tary  greatlj  with  sise  of  engine  also,  which  simplr  means  that 
the  gain  is  the  greater  as  the  cylinder  condensation  which  it  is 
intended  to  reduce,  and  hence  as  its  opportunity  to  produce 
marked  economy,  is  the  greater.  In  the  case  of  the  SulEer 
engines  superheating  seems  to  hare  been  very  moderate,  but 
in  that  case  comparatirely  little  is  required  to  check  the  inter- 
nal wastes,  which  must  be  quite  small  in  jacketed  engines  of 
that  size.  Effective  superheating,  in  a  degree  proportioned  to 
the  amount  of  internal  waste  by  condensation,  is  seen  to  tend  to 
bring  all  sizes  of  engine  to  a  common  and  high  degree  of  efficiency. 

These  two  sets  of  figures,  as  supplied  from  the  Sulzor  and 
from  the  Schmidt  engines,  may  be  taken,  I  think,  as  representa- 
tive of  the  best  work  done  in  Europe  to-day. 

It  may,  perhaps,  not  be  out  of  place  to  observe  that  some 
knowledge  of  the  degree  of  accuracy  of  the  work  performed  at 
the  engine  trial  is  necessary  to  enable  one  to  judge  precisely 
how  much  credit  is  to  be  given  for  figures  which  are  so  extraor- 
dinary. While  there  is  no  obvious  reason  for  discounting  them, 
it  is  the  fact  that  every  member  of  the  profession  is  likely  to 
desire  the  most  exact  and  minute  statement  of  the  methods 
adopted,  particularly  in  weighing  the  steam  used  and  in  cali- 
brating the  indicators.  The  uniformity  of  the  figures  secured, 
as  reported,  from  so  many  engines,  is  an  indication  either  of 
accuracy  or  of  a  constant  source  of  error  in  one  or  the  other,  or 
both  of  these  particulars.  The  high  standard  of  work  is  pre- 
cisely what  we  should  expect  of  the  firm  building  the  engines, 
and  the  figures  are  those  which  should  be  expected  as  those  of 
maximum  efficiency,  judging  from  the  experience  of  the  best 
designers  and  constructors  at  lower  steam  pressures.  The  ad- 
vances now  in  progress  seem  to  be  mainly,  if  not  altogether, 
due  to  the  adoption  of  higher  pressures  than  formerly.  The 
proportions  of  engine  and  the  speed  of  piston  are  practically  the 
same  with  good  builders  on  both  sides  the  Atlantic.  Steam 
jacketing  is  more  common  in  this  field  of  work  than  with  us,  and 
superheating  is  more  generally  in  use  and  is  carried  to  a  greater 
degree. 

Taking  the  record  in  this  country  for  the  triple-expansion 
engine  operating  at  usual  pressures,  as  125  pounds  or  there- 
about, as  held  by  the  Milwaukee  Pumping  Engine,  and  making 
that  performance  our  standard  for  comparison,  we  should,  with 
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increasing  pressures,  obtain  reduced  expenditures  of  dry  steam 
in  proportion,  very  nearly  at  least  to  the  quantity 

W=a/logp, 

in  which,  for  that  case,  we  have  a  =  25,  nearly.  On  this  basis 
the  consumption  of  steam,  dry  and  saturated,  or  very  slightly 
superheated,  at  higher  pressures  (absolute),  should  be  : 

Steam  Consumption  for  High  Pressures. 


p. 

W. 

p. 

W. 

p. 

W. 

100 

12.6 

150 

11.53 

200 

10.81 

110 

12.27 

160 

11.42 

225 

10.64 

120 

11.9 

170 

11.21 

250 

10.46* 

130 

11.85 

180 

11.11 

275 

10.28 

140 

11.68 

190 

11.10 

800 

10.12 

The  ideal  engine  gives  two-thirds  these  values,  or  a  trifle 
over,  and  effective  superheating  should  reduce  them  to  values 
intermediate  between  those  of  the  above  table  and  those  for  the 
ideal  case.  The  tabulated  figures  have  been  reduced,  as  already 
seen,  by  Schmidt,  in  this  manner,  by  about  ten  per  cent  on  small 
engines ;  and  still  better  work  should  be  possible  with  such  very 
large  engines  as  those  taken  for  study  in  this  paper.  The  Mil- 
waukee engine,  reproduced  on  a  double  scale  of  indicated  power, 
would  bring  them  down  about  ten  per  cent.,  without  superheat- 
ing further  than  is  required  to  bring  the  steam  to  the  cylinder 
dry.  Making  all  allowances  for  differences  in  size  and  in  con- 
dition of  the  working  fluid  as  to  pressure  and  temperature,  it  is 
interesting  to  observe  that  our  most .  successful  designers,  on 
both  sides  the  Atlantic,  are  securing  very  nearly  equal,  and  ex- 
ceedingly remarkable  and  gratifying,  results  in  the  raising  of  the 
working  efficiency  of  the  steam  engine. 

In  the  reduction  of  data  of  this  clsiss  to  a  common  standard 
for  comparison,  I  have  been  accustomed  to  employ  the  system 
illustrated  in  the  accompanying  diagram. 

Let  the  curves  shown,  AB,  CD,  FF,  G Hi  IJ  {Fig.  263),  re- 
spectively, be  the  graphic  expression  of  the  quantities  of  steam 
per  horse-power  per  hour  for  such  a  temperature  of  feed  water 
and  total  heat  supply  as  may  be  found  best  suited  to  the  case. 
Here  they  are  constructed  for  the  "ideal"  case,  for  the  real  case 
exhibiting  25  per  cent  extra-thermodynamic  wastes,  and  for  50, 
75,  and  100  per  cent.,  added  demand  for  steam,  each  showing  the 
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variation  of  the  total  quantity  with  increasing  pressures,  as 
easily  computed  by  the  now  familiar  methods  of  our  later  prac- 
tice. In  this  particular  case  the  abscissas  are  taken  as  repre- 
senting with  approximate  accuracy  both  pounds  of  steam  and 
thousands  of  B.T.U. — an  assumption  which  will  answer  present 
purposes  very  well,  and  quite  satisfactorily  for  most  practical 
purposes,  as  the  two  standards  do  not  vary  very  greatly  within 
ordinary  working  pressures.  Beduce  the  reported  results  of 
trials,  for  the  engines  to  be  compared,  to  a  common  standard  of 
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this  kind,  and  enter  them  on  the  diagram,  each  in  its  proper 
place,  as  shown  roughly  in  this  small  figure.  The  greater  the 
accuracy  demanded,  the  larger  should  be  the  scale  of  the  draw- 
ing ;  but  I  have  used,  for  this  form  of  record,  a  sheet  of  the 
usual  size  of  the  common  larger  section  papers. 

This  being  done,  it  is  seen  at  a  glance  how  the  several  engines, 
or  types  of  engine,  compared  as  thermodynamic  apparatus. 
That  which  gives  a  point  on  the  diagram  nearest  the  ideal  curve, 
measured  horizontally,  is  the  most  perfect  heat  engine.  When 
comparing  engines  employing  superheated  steam,  it  is  necessary, 
for  a  true  comparison,  to  reduce  the   consumption  of  steam 
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reported  to  the  equivalent  in  dry  and  saturated  vapor  under  the 
assumed  standard  conditions.  I  have  placed  on  this  chart  the 
values  for  the  Sulzer  engines  here  reported  and  also  previous 
figures  for  the  same  make  of  machine,  as  well  as  several  other 
"  record  breakers."  The  numerals  attached  to  each  indicate  the 
number  of  cylinders  in  series. 

J//\  UamilUm  A.  Hill,* — In  introducing  these  interesting  re- 
ports of  the  performance  of  Sulzer  engines  to  the  notice  of  the 
Society  my  main  object  was  to  call  attention  to  the  question  of 
triple  versus  plain  compound  engines  in  mill  practice,  realizing 
that  there  is  a  strong  belief  in  the  minds  of  many  of  our  engineers 
that  for  mill  purposes  there  is  no  advantage  in  the  former  over 
the  latter.  This  belief  finds  expression  in  the  discussions  on  this 
article.  But  the  facts,  outside  some  few  tests  in  New  England, 
do  not  seem  to  warrant  this  view.  In  pumping-station  work, 
certainly  there  seems  to  be  a  very  decided  saving  through  the 
use  of  the  triple  form  of  engine.  The  Louisville  engine  referred 
to  by  Professor  Jacobus  as  tested  by  Mr.  Dean,  giving  12.16 
pounds,  shows  la  large  loss  as  compared  with  the  Brookline  pump- 
ing engine  which  was  tested  by  the  Institute  of  Technology  with 
a  result  of  11.22  pounds  of  steam.  The  best  result  of  these 
Sulzer  engines  here  reported  10.71.  Compared  with  even  the 
extraordinary  report  by  Mr.  Barrus  on  the  Grosvenor  Dale  com- 
pound engine  of  12.45  of  which  Mr.  Rockwood  speaks,  fuel  at  14 
per  ton  would  give  a  saving  of  $2,500  to  $3,000  per  year. 

To  get  the  direct  opinion  of  perhaps  the  people  of  the  largest 
experience  in  stationary  practice  in  the  world,  I  put  the  question 
directly  to  Messrs.  Sulzer,  and  they  answered  as  follows : 

**  Dear  Mr.  Hilt.: 

"  Replying  to  your  valued  favor  of  May  29th,  we  find  a  difference  of  one  kilo- 
gram (2.20  pounds)  of  bteam  consumption  between  compounds  and  triples  of  the 
larger  sizes  per  horse-power  hour,  everything  else  being  alike.  The  boiler  plant 
may  be  correspondingly  reduced. 

'*  It  is,  of  course,  a  question  of  a  more  expensive  plant  on  one  side  and  a  more 
expensive  coal  bill  on  the  other.  This  question  must  be  treated  individually. 
Where  coal  is  not  very  expensive  a  compound  will  be  preferable.  But  in 
Switzerland,  for  instance,  or  in  large  portions  of  Germany,  Russia,  Austria,  the 
conditions  are  such  that  the  mott  economical  engine  in  in  reality  the  cheapest/' 

Referring  to  the  suggestion  of  Professor  Jacobus  in  regard 
to  "  authorities  for  the  tests  given  in  this  paper,"  it  appears 

^  Author's  closure,  under  the  Bules. 
53 
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by  the  original  German  reports  that  the  two  first,  Konig,  Jr.,  and 
MorosoflTs  Son,  are  translations  from  the  Zeitachrift  dea  Vereines 
Deutscher  Ingenieure^  Band  xxxx. — the  same  to  which  Professor 
Thurston  refers  for  his  report  on  the  engines  of  Schmidt.  The 
latter  test,  that  of  Solbrig  Sons,  is  as  stated  in  the  translation 
from  the  reports  of  the  Saxon  Boiler  Inspection  Co.,  office  in 
Chemnitz,  Saxony. 
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DCCXXXVI.* 
A   POCKET   RECORDER    FOR   TESTS  OF  MATERIALS. 

BT  OU9.  0.  BBNNINO,  NIIT   YORK  CITT. 

(Member  of  (he  Society.) 

Many  deyices  haye  been  designed  for  recording  stress-strain 
diagrams,  showing  the  behavior  and  general  characteristics  and 
quality  of  materials,  ranging  in  price  from  $200  to  $2,000 ;  each, 
however,  usually  designed  for  special  work,  or,  more  generally, 
for  a  particular  machine.  Their  number  is  almost  innumerable. 
I  may  mention  as  among  the  best  those  of  Wicksteed,  Gray, 
Unwin,  Barr,  Mohr  &  Federhoff,  Olsen,  Riehle,  and  many  others. 
They  are,  however,  rather  for  checking  results  than  for  reliance 
upon  their  cards. 

Not  one  of  them  can  be  transported  and  used  on  machines 
other  than  that  for  which  built,  and  even  where  kept  in  order 
they  cannot  be  used  readily,  causing  considerable  loss  of  time  in 
adjustment  and  corrections  for  errors.  The  instrument  which  I 
am  about  to  describe  is  one  designed  to  be  used  on  any  and  all 
machines  which  have  a  running  poise  weight,  without  causing 
delay  for  adjustment,  the  results  at  the  same  time  being  reliable, 
and  such  that  they  can  bo  at  once  interpreted.  Therefore  the 
instrument  must  bo  flexible  in  its  application,  equally  handy  for 
large  and  small  test  pieces,  whether  round,  square,  or  of  other 
section,  and  the  scale  of  diagram  must  be  at  once  adjustable 
to  the  work  to  be  done.  It  must,  in  fact,  be  as  universally 
applicable  as  a  steam-engine  indicator,  and  be  so  easy  of  appli- 
cation and  interpretation  that  any  intelligent  person  can  use  it 
without  a  long  course  of  instruction. 

It  must  be  portable  and  compact,  requiring  no  extra  precau- 
tions in  adjustment  or  regulation  ;  and,  without  having  the  ac- 
curacy of  an  instrument  of  precision,  must  be  perfectly  relia- 
ble, and  as  correct  as  the  other  apparatus  in  connection  with 
which  it  is  used.     It  must  cover  a  wide  range  of  work  of  short 

*  Presented  at  the  Hartford  tneetiog  (May,  1897)  uf  tbe  Aoiericau  Society  of 
Mechanical  Engineers,  and  fonning  fart  of  Volume  XVIII.  of  the  TransaciionB, 
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and  long,  large  and  small  test-pieces,  such  as  are  found  in 
general  use,  and  must  be  applicable  to  hard  and  soft  materials 
as  well. 

Moreover,  it  should  give  a  complete  record  from  beginning  to 
end  of  test,  and  the  more  important  elements  on  an  enlarged, 
and  the  lesser  on  a  natural  scale.  Thus,  while  elongations 
within  the  elastic  limit  are  very  minute  and  must  be  recorded 
on  a  magnified  scale  which  is  reliable,  changes  of  length  beyond 
this  critical  point  are  very  large,  rapid,  and  variable;  hence 
measurement  with  a  steel  scale  suffices,  and  the  record  on  a 
diagram  may  be  on  actual  scale.  This  change  of  scale  must, 
however,  be  positive,  controllable,  and  at  a  fixed  instant  or 
point,  and  must  not  introduce  errors  in  the  record. 

In  case  of  materials  of  slight  extensibility,  however,  the 
entire  record  should  be  on  one  scale  from  beginning  to  end,  and 
the  instrument  should  be  so  attached  that  it  does  not  nick  or 
injure  the  material  so  as  to  affect  its  point  of  rupture  or  strength. 

As  materials  under  test  change  shape  rapidly  and  constantly, 
the  instrument  must  be  so  designed  that  this  variation  does  not 
introduce  errors  by  slipping  or  tilting  or  otherwise. 

Means  must  be  readily  applicable  which  will  check  the  accu- 
racy of  the  instrument  at  all  times.  If  an  instrument  fulfilling 
all  of  these  conditions  can  really  be  constructed  at  a  reasonable 
price,  it  seems  that  its  general  introduction  in  the  kit  of  every 
engineer  who  has  to  deal  with  the  strength  of  materials  would 
be  an  easy  task,  and  once  its  usefulness  is  demonstrated  it 
would  become  a  necessary  adjunct  in  all  work,  especially  as  it 
does  not  increase  the  cost. 

As  materials  are  generally  tested  at  the  present  time,  there  is 
no  lasting  record  of  the  qualities  that  are  claimed  to  have  been 
found,  and  a  test  cannot  be  repeated  lipon  the  same  piece  of 
material.  Moreover,  it  is  well  known  that  many  properties  of 
materials  cannot  be  determined  except  by  an  autographic  stress- 
strain  diagram.  The  curves  obtained  vary  according  to  the 
treatment  which  the  material  has  been  subjected  to,  and  anneal- 
ing or  straining  produces  such  marked  results  that  an  auto- 
graphic record  would  at  once  indicate  how  the  material  has 
been  treated.  Hardening,  cold  rolling,  tempering,  and  other 
processes  are  made  ^.pparent  by  the  characteristic  features  of 
the  curves. 

With  the  use  of  such   recorder  it  would  become  instantly 
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apparent  whether  material  had  been  previously  intentionally 
strained  to  raise  the  elastic  limit,  as  is  well  known  to  have  been 
done.  Overheating  of  material  would  be  clearly  indicated  by 
the  change  in  the  curve,  and  the  general  uniformity  of  any  lot  of 
material  could  be  readily  determined. 

When  it  is  further  stated  that  the  apparatus  is  equally  appli- 
cable for  compression  tests  and  that  it  can  be  used  equally  well 


Fig.  275. 

in  a  horizontal  or  vertical  position,  its  general  usefulness  will 
become  apparent.  A  number  of  diagrams  obtained  by  this  in- 
strument are  added,  and  will  show  plainly  the  wide  range  which 
its  use  covers. 

There  are  curves  (Figs.  268,  etc.)  of  No.  6  wire,  12  inches  long, 
of  200,000  pounds  tenacity  and  6  per  cent,  elongation ;  of  |  inch 
rivet  rods,  annealed  and  unannealed,  8  inches  long ;  of  structural 
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steel,  1^  inches  x  ^  inch,  showing  a  strength  of  70,000  pounds 
and  elongation  of  34  per  cent,  and  of  hard  drawn  copper. 

In  eyery  case  the  elastic  limit  and  yield  point,  as  well  as 
maximum  load,  and  load  at  breaking  point,  are  clearly  defined, 
and  the  question  of  where  or  what  are  elastic  limit  and  yield 
point  is  at  once  settled.  The  curves  abo  allow  the  accurate  de- 
termination of  the  {E)  modulus  of  elasticity,  which  is  a  most 
valuable  factor,  but  rarely  determined,  because  very  difficult  to 
obtain  with  any  degree  of  precision,  also  requiring  great  care, 
much  patience,  time,  and  a  careful  observer. 

There  is  another  use  to  which  this  instrument  can  be  put :  it 
is  to  act  as  a  check  or  controller  upon  the  actions  of  the  person 
charged  with  operating  the  testing  machine,  who  is  generally 
sufficiently  familiar  with  the  material  made  at  his  works  to  be 
able  to  "  jockey  "  the  machine  so  that  the  material  apparently 
gives  results  which  fill  specification  requirement. 

Another  possibility  is  that  cheaper  men  may  be  engaged  to 
make  tests  of  materials  than  is  now  the  custom,  when  accurate 
results  are  desired,  for  the  actual  production  of  a  record  of  test 
will  become  a  clerical  matter  rather  than  the  work  of  an  expert, 
the  records  being  all  interpreted  by  the  expert  or  chief  engineer 
who  remains  in  his  office.  The  apparatus  (Pigs.  264  and  275) 
consists  of  two  hinged  symmetrical  frames  A  and  B  (Pig.  265;, 
which  surround  the  test-piece  and  are  attached  to  it  automati- 
cally at  the  standard  gauge  length.  The  frames  are  hinged  by 
taper  pins  and  plugs  e  and  /,  and  are  provided  at  the  centre  of 
opposite  sides  with  spring  cushioned  bushes  C ;  these  bushes 
are  nicely  fitted  to  the  holes  in  the  frames,  and  are  allowed  to 
move  forward  and  back  by  the  play  of  the  springs  D.  Through 
these  bushes,  screws  //,  with  hardened  ends  shaped  like  knife- 
edges,  pass.  The  frames  are  provided,  one  with  rods  i\^„  the 
other  with  tubes  N  fitting  the  latter,  so  that  one  frame  steadies 
the  other  (Pig.  266).  These  rods  are  of  proper  length  to  keep  the 
frames  a  certain  distance  apart  in  order  that  the  knife-edge  screws 
bear  on  the  test-piece  at  fixed  lengths.  These  rods  allow  ready 
motion  of  either  frame  in  the  direction  of  axis  of  test-piece. 
The  frame  A  has  two  arms  f/,  one  on  either  side,  for  carrying  the 
wheel  /"and  drum  G,  either  on  the  right  or  the  left  (Fig.  267).  The 
wheel  F  is,  however,  connocbed  to  g  by  the  link  K  and  screw  K^  so 
that  it  can  swing  to  and  from  the  marking  point  at  will.  This 
wheel  F  revolves  freely  about  the  stud  /  carried  by  E. 
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The  frame  A  carries  another  most  important  member,  a  par- 
allel motion,  such  as  is  found  on  any  steam  engine  indicator ; 
this  mechanism  rests  on  a  bar  7?,  carrying  two  tubes  L,  which 
slide  nicely  on  two  rods  Li  screwed  into  the  frame  A  at  a,  and 
is  operated  by  a  connecting  rod  *  d '  Secured  to  frame  B  at  *  6/ 

This  bar  also  carries  on  its  upper  side  a  hooked  rod  e,  which 
is  adjustable  and  which  hooks  oyer  one  of  the  leyers  of  the 


«>-^ 
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Fig.  265. 

parallel  motion  when  it  has  reached  any  desired  position.  The 
marking  point  of  this  motion  touches  the  paper  wrapped  around 
the  drum  G  ;  the  latter  is  revolyed  by  a  string  S  lapped  around 
it,  one  end  being  tied  to  the  poise  weight  on  the  beam,  the  other 
carrying  a  small  balance  weight.  The  string,  of  course,  passes 
over  conveniently  located  pulleys,  to  be  properly  guided. 

APPLICATION. 

The  screws  JTare  advanced  so  that  their  ends  are  separated 
by  a  distance  equal  to  the  diameter  of  test-piece  less  about 
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^  inch ;  a  sheet  of  paper  is  wrapped  around  the  drum  and  held 
in  place  bj  rubber  bands  or  clamps ;  the  frames  A  and  B  are 
then  opened  and  placed  around  the  test-piece,  and  A  is  closed, 
dropping  plug /into  place;  this  operation  holds  the  instrument 
in  place.  Now  the  upper  frame  B  is  closed  in  the  same  manner. 
This  attaches  the  instrument  on  test-piece  at  the  gauge  length. 
Now  the  string  is  tied  to  poise  and  bal- 
ance weight,  is  then  wrapped  around  the 
drum  once,  the  drum  is  turned  slightly  so 
that  the  pencil  of  parallel  motion  bears 
against  the  paper,  and  the  instrument  is 
ready  for  work. 

To  show  that  the  stretch  of  the  string 
does  not  introduce  measurable  errors,  a 
piece  of  the  string  used,  4  feet  long,  was 
loaded  with  various  weights  running  up 
to  24:i  ounces. 

The  stretch  of  the  string  under,  these 
loads  was  as  follows : 

2}  =  .085 

6    =.165 

7}  = .260 
m  =  .860 
16i  =  .480 
24    =.620    • 

Then,  after  stretching  and  releasing  the 
string  repeatedly,  the  stretch  was  always 
uniformly  i  inch  for  7  ounces  load  on  the 
4-foot  string ;  hence,  as  the  load  on  the 
string  is  about  2  ounces  at  most,  the 
total  initial  stretch  of  4  feet  of  the  string 
would  be  0.07  inch.  And  as  the  variation 
of  load  on  string  is  never  over  i  ounce, 
this  previous  stretch  varies  less  than  yj^^ 
inch,  or  within  the  limits  of  accuracy  of  instrument  even  when  a 
load  of  75,000  pounds  on  a  100,000  pounds  machine  is  weighed. 
As  most  readings  are  within  this  limit  it  mu3t  be  conceded  that 
the  stretch  of  the  string  does  not  introduce  any  errors  which 
will  at  all  affect  the  accuracy  or  usefulness  of  the  instrument. 
If,  however,  a  fine  steel  wire  is  used,  it  will  be  found  that  the 
scale  of  loads  will  be  entirely  free  from  error.  Proof  of  this  is 
given  in  explanation  of  diagrams. 
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To  mark  off  the  scale  for  load,  the  poise  is  advanced,  and  for 
every  1,()00  pound  mark  reached  on  the  beam,  a  mark  is  made 
on  the  paper  on  the  drum.     As  the  tension  on  the  string  is 
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always  constant,  being  regulated  by  the  balance  weight,  the 
string,  being  of  the  stretchless  kind,  retains  an  exact  length, 
as  is  demonstrated  by  the  scales  laid  off  on  the  diagrams.  The 
line  thus  drawn  on   the  drum  serves  as  a  zero  or  base  line; 
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another  is  drawn  at  right  angles  to  it  by  running  the  marker 
np  and  down. 

Now  the  test  can  proceed,  and  the  only  precaution  necessary 
is  to  keep  the  weighing  beam  exactly  at  its  central  or  floating 
position  throughout  the  test. 

When  the.  material  has  stretched  somewhat,  a  sudden  change 
of  stretch  will  be  observed,  very  soon  followed  by  a  much  more 
rapid  change.  The  first  change  indicates  the  "elastic  limit ";  the 
second,  the  "yield  point"  Supposing  that  the  material  is  a  hard 
one,  with  very  little  deformation  before  rupture,  the  whole  curve 
is  drawn  out  on  the  magnified  scale.  Should  the  material  be 
iron,  steel,  copper,  or  other  highly  extensible  material,  then  to 
record  the  stretch  to  the  breaking  point  would  require  a  very 
long  drum ;  in  the  case  of  a  rod  of  steel  8  inches  long  with  30 
per  cent,  stretch  this  would  require  a  drum  12  -inches  long  and 
more,  and  a  parallel  motion  which  would  be  very  large,  clumsy, 
and  expensive.  As  a  result  the  apparatus  would  be  unwieldy 
and  almost  impossible  to  use.  Moreover,  the  elongation  up  to 
yield  point  alone  need  be  determined  with  great  accuracy,  and 
as  the  permanent  elongation  is  never  measured  closer  than  is 
possible  with  a  steel  scale,  it  need  not  be  recorded  with  greater 
nicety.  Now,  as  the  stretch  of  all  structural  material  up  to  the 
yield  point  is  always  less  than  ^^  inch  on  an  8-inch  length,  the 
hooked  rod  C  is  so  adjusted  that  at  the  instant  of  j'u-inch  stretch 
it  arrests  the  parallel  motion,  and  causing  it  to  slide  as  a  unit 
on  the  rods  L^.  As  the  parallel  motion  multiplies  10  times  this 
stretch  will  be  recorded  as  1  inch  on  the  paper.  After  this 
instant  all  further  stretch  is  recorded,  actual  or  natural  scale. 
Hence,  to  measure  the  total  elongation  at  instant  of  rupture, 
all  that  is  necessary  is  to  measure  the  elongation  as  shown 
on  the  record  and  deduct  ^^  inch  from  it  This  arrange- 
ment makes  it  possible  to  record  all  tests  on  a  drum  4  inches 
high. 

The  drum  chosen  in  this  apparatus  has  a  diameter  of  about 
2  inches,  or  a  length  of  circumference  of  6J  inches.  If  a  longer 
record  is  desirable  the  drum  is  allowed  to  revolve  as  often  as 
necessary  or  a  larger  drum  is  used,  the  curves  then  being  con- 
tinuous around  the  drum. 

As  tlio  weighing  beams  on  testing  machines  are  generally  50 
inches  long,  this  would  require  8  revolutions  of  drum  for  100,000 
pounds  load ;  however,  in  ordinary  testing,  loads  do  not  usually 
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exceed  50,000  pounds,  corresponding  to  a  trayel  of  poise  of 
about  25  inches,  or  4  revolutions  of  a  2  inch  drum.  As  this  is 
still  too  large  the  motion  is  reduced  by  a  set  of  very  liglit 
pulleys,  over  which  the  string  runs  a  proper  number  of  times 
to  obtain  the  desired  length  of  diagram. 

When  the  test-piece  breaks,  the  instrument  separates  into 
two  parts,  thereby  preventing  any  injury  to  i'u.  The  rods  J', 
and  Zi  simply  draw  out  of  the  tubes  N  and  Z,  while  the 
parallel  motion  remains  suspended  from  the  upper  frame  by 
the  connecting  rod.  The  parts  are  all  so  light  that  even  con- 
siderable shock  will  not  injure  them;  the  knife-edges  also  allow 
a  small  amount  of  slip  on  the  test-piece  at  instant  of  rupture, 
and  this  also  protects  the  instrument. 

It  is,  however,  important  to  take  one  precaution  to  avoid 
injury  at  instant  of  rupture,  viz.:  the  gripping  wedges  must  be 
blocked,  so  that  they  cannoit  fly  out  of  place  and  allow  the  parts 
of  the  test-piece  to  do  likewise. 

It  will  be  noticed  that  the  instrument  is  exceedingly  compact; 
that  the  parallel  motion  is  immediately  adjacent  to  the  test- 
piece,  and  that  hence  distortion  of  the  frame  will  produce  only 
a  minimum  error.  The  parallel  motion  also  is  so  light,  and 
requires  such  a  very  slight  forc3  to  move  it,  that  this  cannot 
product  errors,  especially  as  this  force  is  constant  for  all 
positions  of  the  marking  point. 

Should  it  be  desirable  to  use  the  instrumenl  on  longer  test- 
pieces,  such  as  wire,  usually  tested  in  12-inch  length,  it  simply 
becomes  necessary  to  substitute  a  longer  connecting  rod  to 
actuate  the  parallel  motion. 

For  recording  compression  tests  it  is  only  necessary  to  substi- 
tute a  shorter  connecting  rod,  so  that  the  marking  point  will 
stand  at  the  top  of  the  drum  at  the  beginning  of  the  test, 
instead  of  at  the  bottom,  as  shown. 

Again,  should  it  be  desirable  to  make  alternating  compres- 
sion and  tension  tests,  it  only  becomes  necessary  to  use^  a  con- 
necting rod  which  will  set  the  marking  point  at  the  middle  of 
the  drum  instead  of  either  the  top  or  bottom.  No  other  prepa- 
rations or  precautions  are  necessary. 

Card  1  (Fig.  268)  gives  the  record  of  two  No.  6  wires,  elonga- 
tion multiplied  4  times,  length  of  test-piece  8  inches ;  loads 
equal  actual  travel  of  poise  on  beam. 

Ca?'d  2  (Fig.  269)  gives  the  record  of  a  No.  3  wire,  elongation 
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multiplied  5  times,  length  of  test-piece  12  inches ;  loads  equal 
actual  2  j  times  travel  of  poise  on  beam. 
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Card  3  (Fig.  270)  gives  the  record  of  test  of  a  No.  6  wire,  in 
which  the  travel  of  the  poise  on  the  beam  of  a  10,000-pound 
machine  is  reduced  to  i ;  the  elongation  to  rupture  being  multi- 
plied by  5. 

Card  4  (Fig.  271^  t^ives  the  record  of  two  hard  drawn  copper 
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wires,  Nos.  1  and  2,  12-inch  length,  extension  to  rupture  multi- 
plied by  5. 

Card  5  (Fig.  272)  is  of  a  piece  of  structural  steel  li  x  ^  inch, 
8  inches  long,  elongation  multiplied  by  4  up  to  a  length  of 
.095  inch ;  after  that  record  is  natural  scale,  after  point  "  a  "  to 
rupture. 

Card  6  (Fig.  278)  is  of  |-inch  rod,  rivet  steel,  8  inches  long,  not 
annealed,  elongation  multiplied  6  times  to  point  "  o,"  or  .146 
inch ;  after  that  point  record  is  on  natural  scale  to  rupture. 

Card  7  (Fig.  274)  is  of  same  steel,  but  annealed ;  all  other  facts 
same  as  in  Card  6. 

It  will  be  seen  that  all  cards  except  No.  6  (Fig.  273)  have  the 
scale  of  weights  marked  on  them,  and  the  uniformity  of  divisions 
will  be  readily  seen. 

To  give  a  better  idea  of  this  regularity,  the  spaces  on  Cards  5 
and  7  have  been  measured  and  found  to  be  as  follows : 

In  Card  5 — 

0  —  10,000  =  4.89  incbe:«.  or  2,045  poanda  per  inch. 
10-20,000  =  4.92      "        "2,082       **        *'     *' 
20  -  30;000  =  4.95      *'        "2,020       "        "     " 
80  -  40,t»0  =  4.98      "        "  2,008       "        "     " 

In  Card  7— 

0  —  10,000  =  4.90  inches,  or  2,040  pounds  per  square  inch. 
10-20.000  =  4.93       "        *' 2,022       " 
.  20  -  30,000  =  4.90      "        *  2,016       *• 
80  -  40,000  =  4.99      »'        "  2,004      " 

It  will  be  seen  that  these  differences  are  entirely  negligible, 
being  much  smaller  than  errors  of  any  testing  machine.  How- 
ever, this  error  can  be  readily  explained,  as  it  is  due  solely  to 
the  fact  that  the  drum  has  revolved  several  times,  each  time 
adding  .03  inch,  on  account  of  the  increased  diameter  due  to 
two  thicknesses  of  paper,  at  the  lap.  If  the  diagram  had  been 
drawn  on  one  revolution  of  the  drum,  even  these  small  errors 
would  have  been  eliminated. 

As  the  scales  of  weight  on  Cards  1,  2,  and  4  are  thus  drawn, 
and  as  No.  3  is  drawn  so  that  the  travel  of  poise  is  reduced  to  ^, 
while  that  of  No.  2  is  multiplied  by  2i;  and  as  the  scales  are 
correct  in  every  case,  there  can  be  no  question  of  general  ac- 
curacy of  indications  of  weight  or  stress  applied  as  recorded. 

The  accuracy  of  record  of  elongations  can  be  established  by 
attaching  the  instrument  to  a  micrometer  and  then  obtaining  a 
54 
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record  due  to  operation  of  the  latter.  If  the  record  thus  made 
is  proportional  throughout  it  4  length  to  the  readings  of  microm- 
eter, then  the  instrument  is  also  correct ;  and  as  this  is  an 
investigation  that  should  be  made  with  each  instrument  to 
determine  its  rate  of  multiplication,  it  goes  without  saying  that 
corrections  can  be  readily  applied  to  the  record ;  further  con- 
sideration thereof  can  be  dismissed. 

DISCUSSION. 

Prof,  C,  H.  Benjamm.^1  am  much  interested  in  the  instrument 
describe^}  by  Mr.  Henning,  and  regard  it  as  a  very  ingenious  and 
complete  recorder.  I  entirely  agree  with  him  when  he  says 
that  autographic  records  are  indispensable  in  the  testing  of 
materials. 

If  a  standard  size  and  length  of  specimen  can  be  adopted  for 
each  material,  then  a  simple  inspection  and  comparison  of  cards 
like  those  shown  will  answer  all  practical  questions  with  regard 
to  the  strength,  elasticity,  and  resilience,  without  the  need  of 
elaborate  calculations,  just  as  to-day  the  inspection  and  com- 
parison of  indicator  diagrams  tell  the  expert  all  he  wants  to 
know  about  the  power  and  steam  distribution  of  engines. 

Furthermore,  an  extensometer  should  be  self-contained  and 
independent  of  everything  but  the  test-piece  itself. 

Some  extensometers,  which  are  otherwise  good,  are  so  compli- 
cated and  so  interwoven  with  the  frame  and  mechanism  of  the 
testing  machine  that  it  is  a  question  which  they  record — the 
stretch  of  the  specimen  or  the  spring  of  the  frame  and  the  connect- 
ing devices.  I  have  recently  designed  and  constructed  an  exten- 
someter which  embodies  this  same  principle  of  independence 
and  wh'ch  multiplies  in  the  ratio  of  50  to  1.  This  instrument 
is  illustrated  and  described  in  the  Digest  of  Physical  Tests  for 
January,  1897.     (See  also  Fig.  277.) 

It  seams  to  me  that  a  multiplication  of  five  times  is  hardly 
enough  to  show  clearly  the  bahavior  of  the  material  inside  the 
elastic  limit,  and  I  am  afraid  that  I  do  not  understand  how  the 
knife  edges  shown  can  prevent  slipping  unless  nicks  are  made 
in  the  specimen.  * 

Prof  Thomas  Gray, — The  first  paragraph  of  Mr.  Henning's 
paper  I  am  afraid  I  do  not  quite  understand.  He  says  that  the 
other  instruments  which  have  been  devised  are  simply  used  for 
checking  results,  and  are  not  relied  on.    I  suppose  I  misunder- 
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stand  the  language.  I  must  say  for  myself  that  the  instrument 
which  I  described  at  the  San  Francisco  meeting  of  this  Society 
is  used  not  for  checking  results,  but  for  general  purposes,  and  I 
rely  upon  it.*  I  think  there  is  another  meaning  to  the  para- 
graph, which  is  the  one  which  Mr.  Henning  intends  us  to  take, 
but  I  want  to  give  him  an  opportunity  to  state  it. 

For  the  apparatus  itself  I  have  nothing  but  praise.  It  seems 
to  be  an  instrument  which  is  just  the  thing  which  we  have 
been  wanting  for  many  years  for  this  kind  of  work — something 
which  we  can  put  on  readily,  which  will  be  sensitive  enough  to 
give  us  the  characteristics  of  the  materials  without  troubling 
us  with  great  sensibility,  and,  therefore,  difficulty  of  operation. 
The  five-!^o-one  magnification  is  perhaps  somewhat  small,  but 
with  the  exception  of  the  modulus  of  elasticity,  which  may  be 
a  little  uncertain,  the  diagrams  will  show  all  that  is  required  for 
a  check  on  the  test.  With  so  small  a  magnification  we  have 
nothing  to  show  whether  we  have  a  uniform  modulus  or  an 
elastic  limit  between  the  beginning  of  the  test  and  the  yield 
point.  The  yield  point  itself  is  very  clearly  shown  with  even 
less  than  five  to  one. 

There  is  one  point  about  which  I  should  like  to  ask  the 
author.  Referring  to  the  yield  point  part  of  the  diagram  in 
Card  5,  how  was  the  poise  operated  so  as  to  give  these  back- 
ward and  forward  loops  in  the  diagi*am,  and  just  how  much 
certainty  is  there  as  regards  the  actual  value  at  the  end  of 
the  extreme  loop  or  at  the  point  where  it  first  turns? 

I  think  that  this  instrument  will  practically  solve  the  prob- 
lem of  testing  if  we  can  succeed  in  getting  those  who  are 
interested  in  the  testing  of  materials  to  insist  upon  the  use  of 
such  an  instrument  for  the  purpose.  That  sems  to  be  the 
practical  difficulty.  I  had  intended  when  I  began  work  on  this 
subject,  before  I  diverged  away  into  what  Mr.  Henning  calls 
a  scientific  instrument,  to  get  an  apparatus  which  would  be 
suitable  -for  such  a  purpose.  In  the  apparatus  which  I  described 
at  the  San  Francisco  meeting,  I  drew  attention  to  the  impor- 
tance of  the  double  diagram  which  Mr.  Henning  has  incorpo- 
rated in  the  diagram  which  he  draws  here  ;  that  is  to  say,  one 
diagram  for  the  elastic  part  and  a  less  sensitive  diagram  for 
the  non-elastic  part  of  the  curve. 


*  Transactiovs  A.  S.  M.  E ,  vol.  XIII.,  p.  638,  No.  408. 
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Mr.  Henning* — ^As  Professor  Benjamin  calls  attention  to  his 
recorder,  I  desire  to  describe  it  in  order  that  you  may  see  the 
great  differences  between  his  and  mine.  It  will  be  seen  that  it 
draws  a  curve  on  circular  ordinates  ;  has  only  a  very  limited 
use  ;  cannot  be  used  beyond  the  yield  point ;  is  heavy  and  awk- 
ward on  account  of  its  dimensions  ;  it  cannot  be  applied  to  any 
testing  machine  without  previous  mechanical  alteration  or  prepa- 
ration of  the  machine  ;  it  requires  considerable  force — 8  pounds 
— to  move  the  recording  mechanism.  The  following  is  Profes- 
sor Benjamin's  description  as  given  in  the  Digest^  January, 
1897. 

"  As  shown  in  Fig.  277,  the  Benjamin  recorder  is  of  the  lever 
type  and  records  the  extension  directly  on  a  revolving  drum 
multiplpng  the  elongation  in  the  ratio  of  50  to  1.  The  object  in 
designing  this  instrument  was  to  make  an  extensometer  which 
should  be  attached  directly  to  the  specimen  and  should  be  self- 
contained,  not  touching  the  testing  machine  itself  and  conse- 
quently not  being  affected  by  springing  of  the  machine  or  by 
slipping  of  the  jaws.  It  was  desired  that  the  instrument  should 
contain  the  least  possible  number  of  moving  parts  and  should 
be  free  from  the  errors  due  to  the  use  of  cords  or  belts. 

"Referring  to  Fig.  277,  jPand  G  are  the  upper  and  lower 
grips  respectively,  which  are  attached  to  the  specimen,  T^  by 
pointed  steel  thumb-screws  and  connected  together  by  a  piece 
of  light  brass  tubing.  The  lower  grip,  Gy  is  pivoted  to  a  collar 
which  can  be  adjusted  vertically  on  the  brass  tube  by  means  of 
milled  check-nuts.  To  G  is  attached  the  light  steel  lever  Z, 
carrying  at  its  outer  end  the  pencil  or  pen,  P. 

"  The  lever  is  so  proportioned  that  RP  is  30  inches  and  the 
distance  from  the  fulcrum,  7?,  to  the  pointed  screw  is  0.6  inch, 
giving  a  multiplication  of  50  to  1.  The  screw  S  enables  the 
operator  to  adjust  the  pressure  of  the  pencil  on  the  paper,  while 
the  milled  nuts  and  sliding  collar  on  the  lower  grip  provide  for 
a  vertical  adjustment  of  the  pencil. 

"  By  means  of  a  bronze  elbow  the  horizontal  brass  tube  //, 
carrying  the  drum  D^  is  attached  to  the  extensometer  in  such  a 
manner  that  the  drum  may  be  swung  horizontally  into  the  most 
convenient  position  for  recording.  The  drum  i&  rotated  by  a 
small  worm,  Wy  which  in  turn  is  connected  by  means  of  a  very 

*  Autlior*8  closure,  under  the  Rules. 
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light  double  Hooke's  joint  to  a  shaft  on  the  testing  machine. 
This  latter  shaft  is  geared  directly  to  the  hand  wheel  which 
moves  the  poise  on  the  beam  of  the  machine.  The  drum  is  thus 
rotated  an  amount  proportional  to  the  load  on  the  specimen, 
while  the  pencil  moves  up  on  the  attached  paper  an  amount 
proportional  to  the  elongation  of  the  specimen. 

*'  It  will  be  seen  that  this  instrument  has  no  connection  with 
the  testing  machine  itself,  except  through  the  medium  of  the 
jointed  shaft  which  drives  the  drum.  This  shaft  is  made  of 
light  tubing  and  is  telescopic,  so  that  there  can  be  no  pull  or 
push  exerted  on  the  drum,  and  as  the  latter  turns  very  easily 
there  can  be  no  appreciable  deflection  of  the  apparatus  from 
this  cause. 

"  The  present  instrument,  an  experimental  one,  weighs  but 
5  pounds,  and  exerts  a  horizontal  pull  of  only  8  pounds  on  the 
screws  of  the  upper  grip." 

From  the  description  of  the  instrument  and  the  diagram  Fig. 
278  here  given  it  will  be  seen  that  the  ordinates  a,  a^  are  arcs 
of  circles,  and  the  curve  OB  would  appear  as  CD  when  laid 
out  to  rectangular  coordinates.  As  it  is  admitted  that  there 
is  a  pull  of  8  pounds  on  the  gripping  jaws  F,  there  must  be 
appreciable  bending  of  the  tube  FS  as  the  pull  is  exerted  on 
a  leverage  equal  to  FT ;  and  as  this  bending  is  variable  accord- 
ing to  the  variation  of  pull,  and  as  its  record  is  multiplied  fifty 
times,  the  record  on  the  drum  cannot  be  correct.  In  my  re- 
corder the  pull  necessary  to  move  the  marking  point  is  always 
less  than  one  ounce,  being  one-tenth  ounce  during  the  multi- 
plied record  and  one-half  ounce  during  that  part  of  the  record 
made  on  natural  scale. 

Moreover,  while  the  Benjamin  recorder  can  be  used  on  verti- 
cal machines  only,  mine  can  be  used  on  horizontal  machines  as 
well,  with  equal  facility  and  accuracy.  Although  the  recorder 
shown  at  the  meeting  multiplies  but  five  times,  all  others  will 
multiply  ten  times,  which  will  be  ample  for  all  practical  pur- 
poses, but  hardly  for  scientific  investigations  of  the  elastic 
curve. 

Professor  Benjamin  says  that  "  he  does  not  see  how  the  knife 
edges  which  I  use  can  prevent  slipping."  It  is  a  fact  that  they 
prevent  slipping;,  and  probably  the  reason  for  it  is  that  the 
instrument  works  practically  without  resistance  (f-ounce  pidl) 
and  the  knife  edges  are  forced  against  the  test-pieces  with  about 
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20  pounds  pressure,  which  is  sufficient  to  cause  scoring  of  the 
surface  of  the  test-pieces  at  instant  of  rupture,  when  the  knife 
edges  do  allow  slip. 
I  have  made  designs  for  recording  apparatus  for  about  twelve 


19000'  > 


Pig.  278. 


years,  and  burned  them  up  until  I  devised  this  one ;  it  was 
by  the  merest  accident  that  I  conceived  the  idea  of  using  the 
steam  indicator  motion  for  that  purpose.  Everybody  knew  it 
could  be  done.    Everybody  had  used  steam-engine  indicators 


A  POCKBT  RECORDER   FOR  TESTS  OF  MATERIALa  847 

and  saw  them  used,  but  nobody  applied  the  device  for  testing 
materials.  There  is  no  invention  in  its  use,  but  the  introduction 
of  the  automatic  stop  is  novel ;  it  gives  us  a  right-line  diagram 
with  rectangular  axes. 

Now,  about  Professor  Gray's  criticism  of  the  first  remark,  I 
say  they  are  "rather  for  checking  results  than  for  reliance 
upon  their  cards."  I  would  like  to  say  this,  that  all,  with  the 
exception  of  Professor  Gray's,  are  merely  used  for  checking. 
None  of  them  is  in  use  for  commercial  purposes.  Professor 
Gray's  is  accurate  and  can  be  relied  upon,  but  it  has  not  been 
used  in  commercial  work.  It  is  a  laboratory  apparatus  of  the 
highest  order  and  accuracy,  I  think ;  but  as  it  does  not  come  in 
this  class,  I  simply  used  the  words  "  they  are,  however,  rather  for 
checking."  Of  course  that  means  they  are  not  entirely  for  check- 
ing, but  they  are  not  relied  upon.  I  must  except  Professor 
Gray's  instrument  from  the  whole  class  as  one  distinct  in  its 
character  and  behavior. 

In  regard  to  the  loops  in  Fig.  268,  there  are  three  things  we 
would  have  to  consider  in  using  such  apparatus — first,  the 
behavior  of  the  material ;  secondly,  the  behavior  of  the  appara- 
tus which  records  the  behavior  of  the  material,  and  thirdly, 
the  apparatus  by  which  loads  are  applied.  Unfortunately,  the 
latter  are  the  most  unreliable  and  have  great  influence  on  the 
diagrams  obtained.  These  diagrams  were  originally  drawn  in 
pencil,  then  inked  in  by  myself,  then  retransferred  by  the 
engraver.  But  although  not  strictly  correct,  they  are  essen- 
tially so.  A  slight  bend  at  the  elastic  limit  is  distinctly  shown  ; 
then  a  greater  up  to  the  yield  point.  Professor  Woolson  and 
myself  were  working  together  at  the  time  and  were  check- 
ing each  other,  and  in  trying  to  keep  the  beam  floating,  the 
poise  was  run  forward  and  back  repeatedly  to  keep  the  beam  in 
mid-position.  The  inertia  of  the  testing  machine  made  this 
almost  impossible,  and  hence  the  many  kinks.  The  point 
where  the  automatic  stop  came  into  action  is  shown  just  where 
a  sharp  little  kink  is  seen  beyond  the  yield  point.  The  machine 
was  a  100,000-pound  machine,  and  the  inertia  of  the  whole 
mechanism  was  so  great  that  we  could  not  balance  accurately  at 
the  yield  point,  where  the  resistance  actually  decreases,  while 
the  material  keeps  on  stretching. 

If  you  will  look  at  Card  3,  obtained  on  a  machine  having  the 
same  weighing  lever  as  the  above,  but  with  a  poise  one-tenth  ^ 
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Conditions  wl^ich  the  instrument  must  fulfil  are  the  follow- 
ing: 

(a)  It  must  be  applicable  for  extension  and  compression. 

(6)  The  action  must  not  be  limited  to  one  direction  from  the 
initial  readings,  but  negative  readings  must  be  obtainable  with- 
out interruption  or  adjustment. 

(c)  The  instrument  must  be  free  from  changes  of  shape 
during  test. 

(d)  There  must  be  neither  slip  nor  play. 

The  instruments  are  in  all  cases  duplex,  revolving  mirrors 
being  attached  to  opposite  sides  of  the  pieces  of  material,  the 
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Fig.  279. 


changes  of  length  of  which  are  to  be  determined,  as  it  is 
generally  assumed  that  the  true  axial  elongation  of  material  is 
equal  to  that  of  two  parallel  opposite  elements  of  its  surfaces. 

The  theory  of  action  of  one  mirror  will  suffice  to  explain  the 
action  of  the  whole  apparatus. 

A  prism  IC,  carrying  mirror  J/,  is  pressed  by  a  spring  S  at 
point  C  against  a  piece  of  material  P  at  Z>/  a  telescope  is 
mounted  at  dnj  convenient  point  and  distance  to  look  at  the 
mirror  M.  Let  -45  be  its  line  of  sight.  Opposite  M,  and  at  a 
known  distance,  a  scale  is  mounted  so  that  its  image  reflected  by 
M  can  be  seen  in  the  telescope.  The  telescope  need  be  mounted 
neither   so  that  its  line  of  sicrht  stands  normal  to  surface  of 
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mirror  nor  directed  at  its  centre.  Fig.  279  is  drawn  to  show  line 
of  sight,  making  an  angle  a  with  reflecting  surface  at  a  distance 
oz  below  its  centre. 

Now,  as  the  point  2),  either  by  compression  or  extension  of 
material,  moves  to  Dj,  the  axis  of  mirror  M  changes  to  Mi  with- 
out aflfecting  line  of  sight  AB;  the  new  angle  between  normal  to 
mirror  and  this  line  will  be  /3  -^  a.  As  the  angles  of  incidence 
and  reflection  are  equal,  the  initial  point  of  scale  seen  reflected 
by  mirror  will   not  be  on  zx  continued,  but  at  zli  continued. 


"Hflnniof'* 


Pig.  280. 


Similarly,  the  new  point  of  scale  seen  by  telescope  will  be  Bu  or 
"2  X  angle  /^.  The  actual  difference  between  initial  and  final 
readings  will  be  S^ — li.     But  DDi :  DC  =  xy:zx  ; 

• '  ^^' "     ^'  ''''  ^^  "dc""  ^^^' 

but   as  the    telescope   reads  RR^  =  2a?y,  RR^  =  y^  x  DD ; 

therefore,  assuming  2>G  =  .24  inches  and  zx  =  5  feet  =  ^i%^ 
inches,  we  will  have  RBi  =  2.»§£^  i>/>„  or  =  500  />/>„  which  is  a 
multiplication  of  500  times. 

Now,  as  two  observations  are  read,  one  on  each  mirror,  it  can 
be  legitimately  said  that  the  reading  of  instrument  is  equal  to 
1 ,000  times  the  change  of  length  under  observation. 

The  facfc  that  the  axis  of  mirror  nay  not  be  exactly  on  the 
axis  of  rotation  at  C  has  been  urged  as  a  source  of  error. 

To  prove  that  it  is  not,  let  us  examine  Fig.  280,  which  shows 
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the  mirror  placed  in  three  different  posilions  at  M^  J/j,  and  M^^ 
which  coyer  all  possible  variations.  Using  the  same  rotation 
as  before  and  placing  the  line  of  sight  AB  at  random,  we  will 
find  that,  as  long  as  the  scales  are  always  placed  at  a  certain 
measured  distance  from  the  reflecting  surface,  the  readings  will 
be  identical  in  any  position  of  the  mirror. 

T  is  the  telescope ;  P  the  piece  of  material ;  K^  knife  edge, 
carrying  mirror  at  point  C  of  spring  S,  A  =  angle  of  displace- 
ment of  edge  D  to  D\.  Although  the  line  of  sight  intersects 
the  reflecting  surfaces  at  three  different  points,  the  angle  of 
reflection  of  line  of  sight  is  always  equal  to  2\  Now,  as  dis- 
tance MqEq  =  Ml  El  =  M2E2  =  L,  OEq  must  bo  equal  to  IJSi 
=  2£^     Hence  position  of  mirror  has  no  effect  on  readings. 


"H«iiiilii|(" 


Fro.  281. 


It  might  be  said  that  change  of  relative  positions  of  rolling 
knife  edges,  mirrors,  and  scales  introduces  errors  of  readings,  as 
the  obliquity  of  knife  edge  DC  changes  relative  leverages.  An 
this  seems  plausible  we  will  examine  Fig.  281,  which  again  shown 
material  I\  knife  edge  K,  mirror  J/",  fixed  point  C,  scale  -ff-ffi, 
and  line  of  sight  AB. 

The  point  J)  is  shown  to  have  dropped  to  2>,,  and  mirror  J/ 
to  Ml.  This  causes  0  to  shift  to  Oi,  0  to  (?„  and  reading  on 
scale  from  J^i  to  R.^^  and  it  will  be  at  once  said  that  this  there- 
tore  proves  that  instrument  must  be  in  error,  and  one,  at  that, 
which  is  constantly  increasing. 

When,  however,  it'  is  remembered  that  the  opposite  mirror 
acts  in  the  same  manner,  a  little  thought  will  demonstrate  that 
the  first  error  is  exactly  counterbalanced  by  that  of  the  second 
mirror.     It  will  be  seen  that  the  error  Ri  Ri  is  due  to  the  shift- 
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ing  of  M  from  O  to  0„  thereby  increasing  the  length  OR  because 
distance  from  axis  of  piece  of  material  to  centre  of  knife  edge 
Ki  decreases.    But  the  distance  of  centre  of  other  knife  edge  K^ 
from  axis  of  material  also 
decreases;  hence  the  dis- 
tance   of    second    mirror 
from  its  scale  decreases, 
and  exactly   as  much   as 
that  of  the  first  increases. 
Hence  the  two  errors  are 
precisely  compensating. 

There  is  but  one  case 
in  which  these  errors  do 
not  compensate  each 
other,  and  that  occurs 
when  the  element  at  I) 
does  not  change  its  length 
in  the  same  manner  as 
that  at  7>2.  This,  of 
course,  happens  frequent- 
ly, but  the  difference  is 
so  minute  that  it  is  within 
the  errors  of  readings  of 
the  instrument,  and  hence 
negligible. 

The  foregoing  analysis 
proving  that  the  princi- 
ples of  the  apparatus  are 
correct,  I  will  proceed  to 
describe  it  as  executed, 
and  indicate  the  various 
practical  points  which 
must  be  provided  for. 
Figs.  282  and  283  show  the 
apparatus  in  its  completed 
form. 

A  frame  hinged  at  two 
opposite     sides    is     con- 
nected by  taper  pins,  one  of  which  is  removable ;  through  the 
two  other  sides  very  nicely  fitted  bushes  pass,  which  carry 
springs  at  their  inner  ends.     The  bushes  are  tapped  for  screws 
55 


Fig.  282. 
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record  due  to  operation  of  the  latter.  If  the  record  thus  made 
is  proportional  throughout  it  *  length  to  the  readings  of  microm- 
eter, then  the  instrument  is  also  correct;  and  as  this  is  an 
investigation  that  should  be  made  with  each  instrument  to 
determine  its  rate  of  multiplication,  it  goes  without  saying  that 
corrections  can  be  readily  applied  to  the  record ;  further  con- 
sideration thereof  can  be  dismissed. 

DISCUSSION. 

Prof,  C,  H.  Benjamin.— '1  am  much  interested  in  the  instrument 
described  by  Mr.  Henning,  and  regard  it  as  a  very  ingenious  and 
complete  recorder.  I  entirely  agree  with  him  when  he  says 
that  autographic  records  are  indispensable  in  the  testing  of 
materials. 

If  a  standard  size  and  length  of  specimen  can  be  adopted  for 
each  material,  then  a  simple  inspection  and  comparison  of  cards 
like  those  shown  will  answer  all  practical  questions  with  regard 
to  the  strength,  elasticity,  and  resilience,  without  the  need  of 
elaborate  calculations,  just  as  to-day  the  inspection  and  com- 
parison of  indicator  diagrams  tell  the  expert  all  he  wants  to 
know  about  the  power  and  steam  distribution  of  engines. 

Furthermore,  an  extensometer  should  be  self-contained  and 
independent  of  everything  but  the  test-piece  itself. 

Some  extensometers,  which  are  otherwise  good,  are  so  compli- 
cated and  so  interwoven  with  the  frame  and  mechanism  of  the 
testing  machine  that  it  is  a  question  which  they  record — the 
stretch  of  the  specimen  or  the  spring  of  the  frame  and  the  connect- 
ing devices.  I  have  recently  designed  and  constructed  an  exten- 
someter which  embodies  this  same  principle  of  independence 
and  wh'ch  multiplies  in  the  ratio  of  50  to  1.  This  instrument 
is  illustrated  and  described  in  the  Digest  of  Physical  Tests  for 
January,  1897.     (See  also  Fig.  277.) 

It  seams  to  me  that  a  multiplication  of  five  times  is  hardly 
enough  to  show  clearly  the  bahavior  of  the  material  inside  the 
elastic  limit,  and  I  am  afraid  that  I  do  not  understand  how  the 
knife  edges  shown  can  prevent  slipping  unless  nicks  are  made 
in  the  specimen.  * 

Prof  Thomas  Gray, — ^The  first  paragraph  of  Mr.  Henning's 
paper  I  am  afraid  I  do  not  quite  understand.  He  says  that  the 
other  instruments  which  have  been  devised  are  simply  used  for 
checking  results,  and  are  not  relied  on.     I  suppose  I  misunder- 
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stand  the  language.  I  must  say  for  myself  that  the  instrument 
which  I  described  at  the  San  Francisco  meeting  of  this  Society 
is  used  not  for  checking  results,  but  for  general  purposes,  and  I 
rely  upon  it.*  I  think  there  is  another  meaning  to  the  para- 
graph, which  is  the  one  which  Mr.  Henning  intends  us  to  take, 
but  I  want  to  give  him  an  opportunity  to  stat«  it. 

For  the  apparatus  itself  I  have  nothing  but  praise.  It  seems 
to  be  an  instrument  which  is  just  the  thing  which  we  have 
been  wanting  for  many  years  for  this  kind  of  work — something 
which  we  can  put  on  readily,  which  will  be  sensitive  enough  to 
give  us  the  characteristics  of  the  materials  without  troubling 
us  with  great  sensibility,  and,  therefore,  difficulty  of  operation. 
The  five-^o-one  magnification  is  perhaps  somewhat  small,  but 
with  the  exception  of  the  modulus  of  elasticity,  which  may  be 
a  little  uncertain,  the  diagrams  will  show  all  that  is  required  for 
a  check  on  the  test.  With  so  small  a  magnification  we  have 
nothing  to  show  whether  we  have  a  uniform  modulus  or  an 
elastic  limit  between  the  beginning  of  the  test  and  the  yield 
point.  The  yield  point  itself  is  very  clearly  shown  with  even 
less  than  five  to  one. 

There  is  one  point  about  which  I  should  like  to  ask  the 
author.  Referring  to  the  yield  point  park  of  the  diagram  in 
Card  5,  how  was  the  poise  operated  so  as  to  give  these  back- 
ward and  forward  loops  in  the  diagi^am,  and  just  liow  much 
certainty  is  there  as  regards  the  actual  value  at  the  end  of 
the  extreme  loop  or  at  the  point  where  it  first  turns  ? 

I  think  that  this  instrument  will  practically  solve  the  prob- 
lem of  testing  if  we  can  succeed  in  getting  those  who  are 
interested  in  the  testing  of  materials  to  insist  upon  the  use  of 
such  an  instrument  for  the  purpose.  That  sems  to  be  the 
practical  difficulty.  I  had  intended  when  I  began  work  on  this 
subject,  before  I  diverged  away  into  what  Mr.  Henning  callg 
a  scientific  instrument,  to  get  an  apparatus  which  would  be 
suitable  -for  such  a  purpose.  In  the  apparatus  which  I  described 
at  the  San  Francisco  meeting,  I  drew  attention  to  the  impor- 
tance of  the  double  diagram  which  Mr.  Henning  has  incorpo- 
rated in  the  diagram  which  he  draws  here  ;  that  is  to  say,  one 
diagram  for  the  elastic  part  and  a  less  sensitive  diagram  for 
the  non-elastic  part  of  the  curve. 


*  Transactiova  A.  S.  M.  E ,  vol.  XTII.,  p.  638.  No.  498. 
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Mr,  Henning,^ — ^As  Professor  Benjamin  calls  attention  to  his 
recorder,  I  desire  to  describe  it  in  order  that  you  may  see  the 
great  differences  between  his  and  mine.  It  will  be  seen  that  it 
draws  a  curve  on  circular  ordinates  ;  has  only  a  very  limited 
use  ;  cannot  be  used  beyond  the  yield  point ;  is  heavy  and  awk- 
ward on  account  of  its  dimensions  ;  it  cannot  be  applied  to  any 
testing  machine  without  previous  mechanical  alteration  or  prepa- 
ration of  the  machine  ;  it  requires  considerable  force — 8  pounds 
— to  n^ove  the  recording  mechanism.  The  following  is  Profes- 
sor Benjamin's  description  as  given  in  the  Digest^  January, 
1897. 

"  As  shown  in  Fig.  277,  the  Benjamin  recorder  is  of  the  lever 
type  and  records  the  extension  directly  on  a  revolving  drum 
multiplying  the  elongation  in  the  ratio  of  50  to  1.  The  object  in 
designing  this  instrument  was  to  make  an  extensometer  which 
should  be  attached  directly  to  the  specimen  and  should  be  self- 
contained,  not  touching  the  testing  machine  itself  and  conse- 
quently not  being  affected  by  springing  of  the  machine  or  by 
slipping  of  the  jaws.  It  was  desired  that  the  instrument  should 
contain  the  least  possible  number  of  moving  parts  and  should 
be  free  from  the  errors  due  to  the  use  of  cords  or  belts. 

"Eeferring  to  Fig.  277,  -Fand  G  are  the  upper  and  lower 
grips  respectively,  which  are  attached  to  the  specimen,  Ty  by 
pointed  steel  thumb-screws  and  connected  together  by  a  piece 
of  light  brass  tubing.  The  lower  grip,  O,  is  pivoted  to  a  collar 
which  can  be  adjusted  vertically  on  the  brass  tube  by  means  of 
milled  check-nuts.  To  G  is  attached  the  light  steel  lever  Z, 
carrying  at  its  outer  end  the  pencil  or  pen,  P. 

"  The  lever  is  so  proportioned  that  RP  is  30  inches  and  the 
distance  from  the  fulcrum,  R^  to  the  pointed  screw  is  0.6  inch, 
giving  a  multiplication  of  60  to  1.  The  screw  S  enables  the 
operator  to  adjust  the  pressure  of  the  pencil  on  the  paper,  while 
the  milled  nuts  and  sliding  collar  on  the  lower  grip  provide  for 
a  vertical  adjustment  of  the  pencil. 

"  By  means  of  a  bronze  elbow  the  horizontal  brass  tube  H^ 
carrying  the  drum  i>,  is  attached  to  the  extensometer  in  such  a 
manner  that  the  drum  may  be  swung  horizontally  into  the  most 
convenient  position  for  recording.  The  drum  is  rotated  by  a 
small  worm,  JT,  which  in  turn  is  connected  by  means  of  a  very 

*  Author*s  closure,  under  the  Rules. 
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light  double  Hooke's  joint  to  a  shaft  on  the  testing  machine. 
This  latter  shaft  is  geared  directly  to  the  hand  wheel  which 
moves  the  poise  on  the  beam  of  the  machine.  The  drum  is  thus 
rotated  an  amount  proportional  to  the  load  on  the  specimen, 
while  the  pencil  moves  up  on  the  attached  paper  an  amount 
proportional  to  the  elongation  of  the  specimen. 

"  It  will  be  seen  that  this  instrument  has  no  connection  with 
the  testing  machine  itself,  except  through  the  medium  of  the 
jointed  shaft  which  drives  the  drum.  This  shaft  is  made  of 
light  tubing  and  is  telescopic,  so  that  there  can  be  no  pull  or 
push  exerted  on  the  drum,  and  as  the  latter  turns  very  easily 
there  can  be  no  appreciable  deflection  of  the  apparatus  from 
this  cause. 

"  The  present  instrument,  an  experimental  one,  weighs  but 
5  pounds,  and  exerts  a  horizontal  pull  of  only  8  pounds  on  the 
screws  of  the  upper  grip."  . 

From  the  description  of  the  instrument  and  the  diagram  Fig. 
278  here  given  it  will  be  seen  that  the  ordinates  a,  a,  are  arcs 
of  circles,  and  the  curve  OB  would  appear  as  CD  when  laid 
out  to  rectangular  coordinates.  As  it  is  admitted  that  there 
is  a  pull  of  8  pounds  on  the  gripping  jaws  F^  there  must  be 
appreciable  bending  of  the  tube  FS  as  the  pull  is  exerted  on 
a  leverage  equal  to  FT ;  and  as  this  bending  is  variable  accord- 
ing to  the  variation  of  pull,  and  as  its  record  is  multiplied  fifty 
times,  the  record  on  the  drum  cannot  be  correct.  In  my  re- 
corder the  pull  necessary  to  move  the  marking  point  is  always 
less  than  one  ounce,  being  one-tenth  ounce  during  the  multi- 
plied record  and  one-half  ounce  during  that  part  of  the  record 
made  on  natural  scale. 

Moreover,  while  the  Benjamin  recorder  can  be  used  on  verti- 
cal machines  only,  mine  can  be  used  on  horizontal  machines  as 
well,  with  equal  facility  and  accuracy.  Although  the  recorder 
shown  at  the  meeting  multiplies  but  five  times,  all  others  will 
multiply  ten  times,  which  will  be  ample  for  all  practical  pur- 
poses, but  hardly  for  scientific  investigations  of  the  elastic 
curve. 

Professor  Benjamin  says  that  "  he  does  not  see  how  the  knife 
edges  which  I  use  can  prevent  slipping."  It  is  a  fact  that  they 
prevent  slipping^  and  probably  the  reason  for  it  is  that  the 
instrument  works  practically  without  resistance  (f-ounce  pull) 
and  the  knife  edges  are  forced  against  the  test-pieces  with  about 


846 


A   POCKET   RECORDER   FOR  TESTS  OF   MATERIALS. 


20  pounds  pressure,  which  is  sufficient  to  cause  scoring  of  the 
surface  of  the  test-pieces  at  instant  of  rupture,  when  the  knife 
edges  do  allow  slip. 
I  have  made  designs  for  recording  apparatus  for  about  twelve 


Pig.  278. 


years,  and  burned  them  up  until  I  devised  this  one ;  it  was 
by  the  merest  accident  that  I  conceived  the  idea  of  using  the 
steam  indicator  motion  for  that  purpose.  Everybody  knew  it 
coidd  be  done.    Everybody  had  used  steam-engine  indicators 
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and  saw  them  used,  but  nobody  applied  the  device  for  testing 
materials.  There  is  no  invention  in  its  use,  but  the  introduction 
of  the  automatic  stop  is  novel ;  it  gives  us  a  right-line  diagram 
with  rectangular  axes. 

Now,  about  Professor  Gray's  criticism  of  the  first  remark,  I 
say  they  are  "rather  for  checking  results  than  for  reliance 
uppn  their  cards."  I  would  like  to  say  this,  that  all,  with  the 
exception  of  Professor  Gray's,  are  merely  used  for  checking. 
None  of  them  is  in  use  for  commercial  purposes.  Professor 
Gray's  is  accurate  and  can  be  relied  upon,  but  it  has  not  been 
used  in  commercial  work.  It  is  a  laboratory  apparatus  of  the 
highest  order  and  accuracy,  I  think ;  but  as  it  does  not  come  in 
this  class,  I  simply  used  the  words  "  they  are,  however,  rather  for 
checking."  Of  course  that  means  they  are  not  entirely  for  check- 
ing, but  they  are  not  relied  upon.  I  must  except  Professor 
Gray's  instrument  from  the  whole  class  as  one  distinct  in  its 
character  and  behavior. 

In  regard  to  the  loops  in  Fig.  268,  there  are  three  things  we 
would  have  to  consider  in  using  such  apparatus — first,  the 
behavior  of  the  material ;  secondly,  the  behavior  of  the  appara- 
tus which  records  the  behavior  of  the  material,  and  thirdly, 
the  apparatus  by  which  loads  are  applied.  Unfortunately,  the 
latter  are  the  most  unreliable  and  have  great  influence  on  the 
diagrams  obtained.  These  diagrams  were  originally  drawn  in 
pencil,  then  inked  in  by  myself,  then  retransferred  by  the 
engraver.  But  although  not  strictly  correct,  they  are  essen- 
tially so.  A  slight  bend  at  the  elastic  limit  is  distinctly  shown  ; 
then  a  greater  up  to  the  yield  point.  Professor  Woolson  and 
myself  were  working  together  at  the  time  and  were  check- 
ing each  other,  and  in  trying  to  keep  the  beam  floating,  the 
poise  was  run  forward  and  back  repeatedly  to  keep  the  beam  in 
mid-position.  The  inertia  of  the  testing  machine  made  this 
almost  impossible,  and  hence  the  many  kinks.  The  point 
where  the  automatic  stop  came  into  action  is  shown  just  where 
a  sharp  little  kink  is  seen  beyond  the  yield  point.  The  machine 
was  a  100,000-pound  machine,  and  the  inertia  of  the  whole 
mechanism  was  so  great  that  we  could  not  balance  accurately  at 
the  yield  point,  where  the  resistance  actually  decreases,  while 
the  material  keeps  on  stretching. 

If  you  will  look  at  Card  3,  obtained  on  a  machine  having  the 
same  weighing  lever  as  the  above,  but  with  a  poise  one-tenth  ^ 
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heavy  and  the  same  kiod  of  knife  edges,  it  will  be  seen  how 
smooth  the  curve  is,  because  the  machine  was  capable  of  being 
used  for  the  purpose  of.  following  the  variations  of  load  accu- 
rately ;  in  the  other  machine  it  was  not ;  and  it  will  be  noticed 
that  in  diagram  Card  5  there  is  a  difference  of  about  500  pounds 
between  the  highest  and  lowest  points  of  the  kinks.  That  shows 
the  lack  of  sensitiveness  of  the  machine — that  is  all.  It  does 
not  show  tl^e  behavior  of  the  material,  which  I  have  found  in  a 
number  of  other  cards.  Card  6  and  Card  7  have  the  same  inde- 
terminate and  unsatisfactory  loops  or  points.  That  is  solely 
due,  I  believe,  to  the  testing  machine,  because  the  ideal  change 
of  shape,  when  straining  uniformly,  is  smooth,  with  a  considera- 
ble drop,  or  diminution  of  load.  As  the  stop  comes  into  play  a 
sharp  change  of  direction  of  curve  is  seen.  But  the  ideal  yield- 
point  curve,  which  has  been  determined  many  a  time,  is  a 
smooth  descending  line.  The  average  line  through  the  highest 
and  lowest  kinks  will  be  the  correct  curve.  Of  course  the  curve 
changes  according  to  how  the  machine  is  run,  whether  uniformly 
or  whether  it  is  stopped  and  started  again.  If  it  is  run  slow 
enough,  it  will  often  be  found  that  the  curve  is  exactly  as  in 
those  wire  cards  (Card  3),  audit  will  be  like  it, or  very  nearly  so. 
The  point  is  to  run  the  machine  at  a  uniform  speed,  and  then 
this  distinct  drop  in  the  curve  at  the  yield  point  will  be  ob- 
tained. In  this  instrument  the  multiplication  is  five  times,  be- 
cause that  is  the  highest  multiplication  of  any  indicator  motion 
obtainable  in  the  market  at  the  time.  It  answers  reasonably 
well.  My  idea  is  to  use  ten  multiplications,  because  I  think 
that  gives  better  results  than  this;  although,  from  the  expe- 
rience I  have  had,  it  answers  the  purpose  as  a  practical  instru- 
ment to  get  suflBcient  cards  and  to  check  up  the  operator.  For 
scientific  purposes,  of  course,  it  would  be  better  to  have  it  mul- 
tiplied very  much  more,  but  then  it  will  be  seen  that  the  system 
of  recording  would  have  to  be  modified,  because  the  apparatus 
is  so  small. 


A  MIBBOB  £XT£N&.>M£T&B.  849 


DCCXXXVII.* 
A   MIRROR  EXTENSOMETER. 

BT  OU8.  C.  HSMMUie,  NBW  TORX  CITT. 

(Member  of  the  Society.) 

In  Bauschinger's  MittkeUnngen,  Nos.  3  and  6, 1873-1874,  also 
No.  1,  1896,  will  be  foond  descriptions  of  mirror  apparatus 
first  designed  and  used  by  himself  for  measurements  of  change 
of  length  of  materials  under  test  (See  the  Werdtr  Testing 
Machine  and  Measuring  Instruments,  by  Prof.  J.  Bauschinger, 
1882 ;  abo  Testing  of  Materials  of  Constrvetiony  by  XJnwin,  pp. 
Waetseq.) 

Since  the  late  Professor  Bauschinger  introduced  his  mirror 
apparatus  other  investigators  have  constructed  modified  forms 
thereof,  as  Professors  Martens  of  Berlin,  Kirsch  of  Vienna,  and 
Unwin  of  London.  Each  introduced  certain  changes  for  the 
purpose  of  simplifying  it  and  facilitating  its  use.  Nevertheless, 
each  of  them  left  the  instrument  in  the  shape  of  several  loose 
pieces,  awkward  to  handle,  difficult  and  time*robbing  to  attach 
and  adjust,  and  requiring  previous  marking  of  test-pieces,  which 
itself  could  hardly  be  done  accurately  except  by  the  use  of 
auxiliary  tools.     Experts  only  could  do  it  without  such. 

To  overcome  these  difficulties  necessitated  the  construction 
of  an  apparatus  applicable  to  all  shapes  and  sizes  with  equal 
facility  and  despatch,  and  which  at  the  same  time  measures  its 
own  r;auge  length.  Oauge  length  is  that  standard  length  of  test- 
piece  on  which  measurements  are  to  be  made.  In  order  to  sim- 
plify and  facilitate  the  use  of  this  apparatus,  I  have  designed 
and  had  constructed  a  form  which  is  herewith  described. 

How  far  I  have  succeeded  in  these  respects,  without  in  any 
way  limiting  the  usefulness  of  the  apparatus,  I  will  leave  to  my 
critics  to  decide. 


•  Pre«ented  at  the  Hartford  meeting  (May.  1897)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  rf  the  TransaetionM, 
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Conditions  wl^ich  the  instrament  must  fulfil  are  the  follow- 
ing: 

(a)  It  must  be  applicable  for  extension  and  compression. 

(6)  The  action  must  not  be  limited  to  one  direction  from  the 
initial  readings,  but  negative  readings  must  be  obtainable  with- 
out interruption  or  adjustment. 

(c)  The  instrument  must  be  free  from  changes  of  shape 
during  test. 

(d)  There  must  be  neither  slip  nor  play. 

The  instruments  are  in  all  cases  duplex,  revolving  mirrors 
being  attached  to  opposite  sides  of  the  pieces  of  material,  the 
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Fig.  279. 

changes  of  length  of  which  are  to  be  determined,  as  it  is 
generally  assumed  that  the  true  axial  elongation  of  material  is 
equal  to  that  of  two  parallel  opposite  elements  of  its  surfaces. 

The  theory  of  action  of  one  mirror  will  suffice  to  explain  the 
action  of  the  whole  apparatus. 

A  prism  IC,  carrying  mirror  31,  is  pressed  by  a  spring  S  at 
point  C  against  a  piece  of  material  P  at  Z>  /  a  telescope  is 
mounted  at  ^ny  convenient  point  and  distance  to  look  at  the 
mirror  M.  Let  ABhe  its  line  of  sight.  Opposite  AT,  and  at  a 
known  distance,  a  scale  is  mounted  so  that  its  image  reflected  by 
M  can  be  seen  in  the  telescope.  The  telescope  need  be  mounted 
neither   so  that  its  line  of  sic^ht  stands  normal  to  surface  of 
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mirror  nor  directed  at  its  centre.  Fig.  279  is  drawn  to  show  line 
of  sight,  making  an  angle  a  with  reflecting  surface  at  a  distance 
oz  below  its  centre. 

Now,  as  the  point  D,  either  by  compression  or  extension  of 
material,  moves  to  />i,  the  axis  of  mirror  M  changes  to  3fi  with- 
out affecting  line  of  sight  AB ;  the  new  angle  between  normal  to 
mirror  and  this  line  will  he  /3  -\-  a.  As  the  angles  of  incidence 
and  reflection  are  equal,  the  initial  point  of  scale  seen  reflected 
by  mirror  will  not  be  on  zx  continued,  but  at  zB  continued. 


"Hauiiii^' 


Pig.  280. 


Similarly,  the  new  point  of  scale  seen  by  telescope  will  be  5„  or 
t2  X  angle  /^.  The  actual  difference  between  initial  and  final 
readings  will  be  B^ — li.     But  DDi :  DC  =  xyizx  ; 

but   as  the    telescope    reads  HJii  =  2xy,  UBi  =   j^  x  DJ)  * 

therefore,  assuming  DC  =  .24t  inches  and  zx  =  5  feet  =  ^^^ 
inches,  we  will  have  BBi  =  2.»§£»  DD:,  or  =  500  i>Z>„  which  is  a 
multiplication  of  500  times. 

Now,  as  two  observations  are  read,  one  on  each  mirror,  it  can 
be  legitimately  said  that  the  reading  of  instrument  is  equal  to 
1,000  times  the  change  of  length  under  observation. 

The  fact;  that  the  axis  of  mirror  may  not  be  exactly  on  the 
axis  of  rotation  at  C  has  been  urged  as  a  source  of  error. 

To  prove  that  it  is  not,  let  us  examine  Fig.  280,  which  shows 
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the  mirror  placed  in  three  different  positions  at  M^  M^y  and  M^ 
which  cover  all  possible  variations.  Using  the  same  rotation 
as  before  and  placing  the  line  of  sight  AB  at  random,  we  will 
find  that,  as  long  as  the  scales  are  always  placed  at  a  certain 
measured  distance  from  the  reflecting  surface,  the  readings  will 
be  identical  in  any  position  of  the  mirror. 

T  is  the  telescope ;  P  the  piece  of  material ;  JT,  knife  edge, 
carrying  mirror  at  point  C  of  spring  /S  A  =  angle  of  displace- 
ment of  edge  D  to  />i.  Although  the  line  of  sight  intersects 
the  reflecting  surfaces  at  three  different  points,  the  angle  of 
reflection  of  line  of  sight  is  always  equal  to  2\  Now,  as  dis- 
tance i/o^  =  M\Ei  =  M2E2  =  i,  OEq  must  bo  equal  to  lE^ 
=■  2E^     Hence  position  of  mirror  has  no  effect  on  readings. 


->'^ 
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Fro.  281. 


It  might  be  said  that  change  of  relative  positions  of  rolling 
knife  edges,  mirrors,  and  scales  introduces  errors  of  readings,  as 
the  obliquity  of  knife  edge  DC  changes  relative  leverages.  Ar^ 
this  seems  plausible  we  will  examine  Fig.  281,  which  again  shown 
material  J\  knife  edge  K,  mirror  J!/,  fixed  point  C,  scale  i?-Ri, 
and  line  of  sight  AB. 

The  point  J)  is  shown  to  have  dropped  to  2>,,  and  mirror  J/ 
to  3fi.  This  causes  0  to  shift  to  Oi,  C  to  (7„  and  reading  on 
scale  from  J^i  to  R^y  &^d  it  will  be  at  once  said  that  this  there- 
fore proves  that  instrument  must  be  in  error,  and  one,  at  that, 
which  is  constantly  increasing. 

When,  however,  it'  is  remembered  that  the  opposite  mirror 
acts  in  the  same  manner,  a  little  thought  will  demonstrate  that 
the  first  error  is  exactly  counterbalanced  by  that  of  the  second 
mirror.     It  will  be  seen  that  the  error  Ri  Rt  is  due  to  the  shift- 


A  MIBBOB  EXTEN80METER. 


853 


ing  of  M  from  O  to  0„  thereby  increasing  the  length  OR  because 
distance  from  axis  of  piece  of  material  to  centre  of  knife  edge 
Ki  decreases.    But  the  distance  of  centre  of  other  knife  edge  f  3 
from  axis  of  material  also 
decreases;  hence  the  dis- 
tance   of    second    mirror 
from  its  scale  decreases, 
and  exactly   as  much   as 
that  of  the  first  increases. 
Hence  the  two  errors  are 
precisely  compensating. 

There  is  but  one  case 
in  which  these  errors  do 
not  compensate  each 
other,  and  that  occurs 
when  the  element  at  D 
does  not  change  its  length 
in  the  same  manner  as 
that  at  D^  This,  of 
course,  happens  frequent- 
ly, but  the  diflference  is 
so  minute  that  it  is  within 
the  errors  of  readings  of 
the  instrument,  and  hence 
negligible. 

The  foregoing  analysis 
proving  that  the  princi- 
ples of  the  apparatus  are 
correct,  I  will  proceed  to 
describe  it  as  executed, 
and  indicate  the  various 
practical  points  which 
must  be  provided  for. 
Figs.  282  and  283  show  the 
apparatus  in  its  completed 
form. 

A  frame  hinged  at  two 
opposite     sides    is     con- 
nected by  taper  pins,  one  of  which  is  removable ;  through  the 
two  other  sides  very  nicely  fitted  bushes  pass,  which  carry 
springs  at  their  inner  ends.     The  bushes  are  tapped  for  screws 
55 


Fig.  282. 
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which  have  knurled  heads  at  their  outer  ends  and  remoyable 
hardened  points  or  knife  edges  at  the  others.  These  screws 
are  shouldered  at  their  inner  ends,  which  pass  through    the 


Fig.  283.— Tklescope  and  Scales. 


lower  ends  of  long  springs  having  steady-arms,  and  carrying 
the  revolving  mirrors  at  their  upper  ends. 

The  telescope  is  mounted  on  an  adjustable  stand  and  swings 
about  a  vertical  and  the  horizontal  axes.  Two  of  the  three  legs 
of  the  stand  are  provided  with  adjustable  spring  clamps,  which 
carry  the  scales.     These  clamps  are  so  arranged  that  they  can 
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carry  the  scales  yertically  or  horizontally,  and  also  be  advanced 
one  ahead  of  the  other,  so  that  each  can  be  set  to  an  exact  dis- 
tance from  its  reflecting  mirror. 

In  Fig.  284,  A  and  B  are  the  two  symmetrical  halves  of  a 
frame  closed  by  taper  hinge  pin  a  and  taper  plug  b ;  through 
two  opposite  sides  the  bushes  C  pass,  which  carry  springs  K 
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and  Ki  at  their  inner  ends,  and  are  also  tapped  for  the  screws 
p  and  pi,  fitting  nicely.  These  screws  are  shouldered  at  their 
inner  ends  to  carry  the  steady-arms  G  and  G^  which  are  held 
in  place  by  the  nuts  formed  on  the  hardened  points  or  knife 
edges  V  and  v^,  screwed  into  the  ends  of  screws  7;  and  jPi. 

The  frame  AB  also  carries  two  pressure  screws  H,  which  are 
forced  against  the  main  springs  St  bolted  by  the  carriers  G ; 
these  springs  S  carry  the  min-ors  M^  held  by  a  yoke  IT  at  their 
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upper  ends.     This  yoke    Y  bears  on  a  dished  spring  washer, 
against  which  it  is  forced  by  the  nut  at  the  top  (Fig.  285). 

The  mirrors  M  are  mounted  on  one  end  of  the  spindles  and  bal- 
anced by  small  weights  at  the  other  (Figs.  286  and  287),  the 
spindles  passing  through  clearance  holes  in  the  yoke  Yand  the 
knife  edges  J).  A  groove  is  provided  in  the  back  of  the  yoke,  to 
guide  one  knife  edge,  which  is  also  supported  by  the  small  screw 
a.  The  free  edge  of  the  knife  edge  bears  against  the  piece  of  mate- 
rial under  investigation.  The  mirrors  must  have  motion  in  two 
directions,  and  hence  are  carried  by  two  points  P  and  Pi  in  the 
frames  /^,  which  support  them,  and  about  which  they  are  made 


hardened  odjr'^ 


Fig.  285. 

to  revolve  by  the  winged  nut  B  bearing  against  the  edge  of  the 
mirror,  which  is  held  in  position  by  the  spring  T,  The  mirrors 
with  their  frames  JF^  also  revolve  about  the  spindles. 

APPLICATION. 

The  screws  p  and  pi  are  adjusted  so  that  the  points  v  and  t'l 
are  separated  by  a  distance  equal  to  the  thickness  of  the  ma- 
terial to  be  investigated,  less  ^  inch.  Then  the  frame  AB  having 
been  opened,  is  placed  around  the  material,  which  has  previously 
been  put  in  the  position  desired,  the  frame  is  closed,  and  the 
taper  plug  is  put  in  its  place.  Closing  the  frame  AB  requires 
some  pressure,  which  causes  the  springs  K  JT,  to  flatten  and  the 
bushes  to  recede  in  equal  amount,  thus  securing  the  frame 
firmly  to  the  material.  As  the  material  when  under  stress 
changes  its  dimensions,  the  points  v  and  Vi  must  follow  them 
without  allowing  the  frame  to  shift;  hence  the  necessity  of 
these  spring-cushioned  screws  p  and  j9i,  carried  by  the  bushes 
sliding  in  the  frame. 
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The  mirrors  are  tben  adjusted  by  bringing  the  knife  edges  to 
bear  against  the  material,  in  the  groove  in  yoke  F,  also  on  the 
screw  a.  Now  the  screws  E  are  used  to  revolve  the  mirrors 
until  the  images  of  the  scales,  each  mounted  exactly  five  feet  from 
the  reflecting  surface,  are  reflected  side  by  side  into  the  tele- 
scope, which  has  previously  been  levelled  up.  Now  the  screws 
a  are  released,  after  having  applied  the  pressure  screws  H  to 
the  springs  S^  and  the  instrument  is  ready  for  use. 

It  will  be  noticed  that  the  mirrors  revolve  in  opposite  direc- 
tions, being  applied  to  opposite  sides  of  the  material ;  hence  the 
scales  are  mounted  so  that  while  one  reads  up,  the  other  reads 
down.  Hence  when  taking  observations  the  reading  on  both 
will  be  increasing  or  decreasing.  As  the  material  is  strained 
the  images  of  the  scales  pass  by  the  cross  hairs  in  the  telescope, 
and  readings  are  taken  as  often  as  desired. 

It  will  be  noticed  that  as  the  spindles  pass  through  clearance 
holes  in  the  yoke  the  knife  edges  are  free  to  move  in  either  di- 
rection. Their  only  support  is  against  the  yoke  at  one  edge  and 
against  the  material  at  the  other,  and  with  a  constant  pressure  of 
the  spring  8, 

As  the  mirrors  can  revolve  in  either  direction  with  perfect 
freedom  and  accuracy,  the  instrument  is  equally  applicable  in 
measuring  extension  or  compression. 

It  will  be  understood,  however,  that  the  instrument  is  in  any 
case  to  be  used  only  for  elastic  deformations  or  changes  of 
length,  as  any  greater  changes  place  the  readings  beyond  the 
limits  of  the  scale,  or  might  cause  slip  of  the  knife  edges  on  the 
material. 

As  the  scales  are  but  20  inches  long  they  correspond  to  an 
actual  change  of  length  of  W(?  =  0^  i^^'^  5  but  as  such  change 
of  length  is  always  beyond  the  elastic  limit,  up  to  which  point 
alone  accurate  measurements  are  desirable  or  possible,  the  in- 
strument answers  all  purposes  for  which  it  was  designed. 

DISCUSSION. 

Prof.  Thomas  Oray. — I  think  that  the  remark  which  was  made 
a  little  while  ago  applies  to  this  paper — it  does  not  need  any 
discussion.  Yet  I  think  we  ought  not  to  allow  it  to  pass  with- 
out in  some  way  expressing  our  appreciation  of  the  very  great 
pains  Mr.  Henning  has  taken  in  introducing  this  very  beautiful 
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apparatus.  I  am  myself  very  much  interested  in  the  subject, 
and  have  spent  a  great  deal  of  time  in  devising  apparatus  of 
this  character,  and  I  appreciate  very  much  the  assistance  which 
Mr.  Henning  has  given.  The  only  suggestion  I  should  like  to 
make,  as  a  possible  simplification,  is  that  he  try  to  modify  the 
arrangement  so  as  to  combine  the  two  beams  of  light  so  as  to 
require  only  one  reading. 
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ELECTRICITY  VERSUS  SHAFTING  IN  THE  MACHINE 

SHOP. 

BT  0HA8.  H.  BENJAMIN,  CLBTXULND,  O. 

(Member  of  the  Society.) 

The  trend  of  the  discussion  on  a  paper  entitled  "  Friction 
Horse-Power  in  Factories,"  presented  at  the  December  meeting 
of  the  Society,  has  suggested  the  presentation  of  this  paper. 

It  seemed  to*  be  the  opinion  of  many  of  the  members  who 
took  part  in  that  discussion,  that  the  best  solution  of  the  prob- 
lem was  to  "  take  the  bull  by  the  horns  "  and  throw  him  out  of 
the  arena  altogether ;  in  other  words,  to  displace  shafting  and 
belts  by  electric  transmission  rather  than  to  try  to  improve 
their  efficiency.  That  in  many  cases  this  is  the  true  solution 
can  scarcely  be  doubted ;  but  it  seems  to  the  writer  that  there 
are  considerations  of  more  importance  than  mere  economy  of 
transmission. 

In  order  to  put  this  in  concrete  form,  twelve  establishments 
mentioned  in  the  previous  paper  have  been  selected,  the  num- 
bers from  one  to  six  inclusive  representing  establishments 
using  heavy  machinery,  and  the  numbers  from  seven  to  twelve 
representing  light-machinery  est^lishments. 

In  Table  I.  the  data  are  taken  fi*om  the  preceding  paper, 
while  the  results  in  Table  II.  are  calculated. 

The  cost  of  the  shafting  in  column  1  of  Table  II.  includes 
the  cost  of  probable  hangers,  couplings,  and  pulleys,  and  is 
based  on  tbe  actual  price  of  similar  shafting  in  a  modern  shop, 
^the  cost  ranging  from  $2  to  $6  per  linear  foot. 

The  cost  of  the  belting  assumes  the  belts  to  have  been  from 
30  to  50  feet  long,  and  of  single  leather,  and  varies  from  $6  to 
$27  per  belt  for  the  widths  given. 


*  Presented  at  the  Hartford  meeting  (May,  1«97)  of  tlie  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  tbe  Transactions. 
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It  is  not  claimed  that  the  figures  given  in  this  column  repre- 
sent the  exact  cost  of  shafting  and  belting,  but  they  show  what 
the  cost  might  well  be  in  such  establishments. 

In  estimating  the  cost  of  generators  and  motors  for  these 
same  shops,  it  is  assumed  that  a  generator  will  bo  required  bar- 
ing a  power  50  per  cent,  greater  than  the  net  power  used  by 
the  machines  when  the  shop  is  running  at  full  capacity,  and 
that  the  aggregate  power  of  the  motors  should  be  double  this. 
It  is  further  assumed  that  the  motor  unit  will  be  from  5  to  10 
horse-power  in  the  shops  doing  heavy  work,  and  not  less  than 
2  horse-power  in  the  shops  doing  light  work.  The  cost  of  elec- 
tric motors  may  be  roughly  classified  as  follows  : 

Horse-Power  of  Motor 2      8      5     10    20    40    50    65    76 

Cost  in  Dollars  per  H.  P 05    00    45    85    25    20     17    16    15 

The  figures  in  column  2  of  Table  II.  thus  show  what  might 
reasonably  be  expected  as  to  the  cost  of  generators  and  motors 
for  each  establishment  No  account  has  been  made  in  the  one 
case  of  th?  cost  of  countershafts  and  secondary  belting,  nor 
in  the  other  of  conductors,  switches,  and  such  countershafts  as 
might  be  used,  one  omission  being  allowed  to  offset  the  other. 

Column  3  shows  the  differences  between  the  values  in  the  two 
preceding  columns,  the  +  sign  indicating  gi'oater  first  cost  for 
electricity,  and  the  —  sign  greater  first  cost  for  shafting  trans- 
mission. It  will  be  noticed  that  in  general  the  electrical  trans- 
mission has  the  greater  first  cost,  but  in  establishments  where 
the  amount  of  shafting  is  out  of  all  proportion  to  the  useful 
work  done,  electricity  has  the  advantage  even  here.  (See  shop 
No.  4.)  In  shops  like  Nos.  10  and  12  the  machinery  is  com- 
pactly arranged  and  the  cost  of  shafting  relatively  light. 

If  there  is  any  unfairness  in  the  above  figures,  it  is  in  over- 
estimating the  electrical  cost,  since  the  writer  desires  to  be 
conservative. 

The  figures  in  column  4  of  Table  II.  are  derived  from  those 
in  column  8  of  Table  I.  by  assuming  a  combined  efficiency  of 
two-thirds  for  generators  and  motors.  The  power  lost  in  shafts 
ing  transmission,  column  5  of  Table  II.,  is  obtained  from  col- 
umn 9  of  Table  I.,  by  deductrng  ten  per  cent  of  gross  horse- 
power  for  engine  friction. 

The  net  gain  in  horse-power  by  using  electric  transmission  is 
shown  in  column  6.     Allowing  $60  per  horse-power  per  year  as 
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the  gross  cost  of  power  delivered,  we  obtain  the  results  in  col- 
umn 7  for  the  saving  in  dollars  per  year. 

Some  one  may  object  that  these  calculations  are  rough,  and 
based  on  insufficient  data.  Even  if  we  admit  this,  two  facts  can 
still  be  regarded  as  proven  : 

1.  That  the  first  cost  of  electrical  machineiy  is  usually  greater 
than  that  of  shafting  and  belting. 

2.  Thai  the  saving  in  power  in  most  machinery  estahlishmenis 
vx>uldpayfor  the  additional  cost  of  the  electric  plant  in  from  one 
to  jive  years. 

Figures  of  this  kind  are  about  all  that  we  can  have  to  guide 
us  at  present.  Statements  from  manufacturers  are  liable  to  be 
influenced  by  a  personal  bias  one  way  or  the  other ;  and  even 
where  there  is  an  opportunity  for  a  fair  comparison,  the  neces- 
sary data  are  usually  lacking.  Many  cases  could  be  cited  where 
parties  now  using  electricity  claim  an  actual  saving  in  coal 
burned  of  from  15  to  30  per  cent. 

In  most  establishments  where  electricity  has  been  intro- 
duced the  transition  has  only  been  partial,  the  generator  and 
motors  being  burdened  with  a  load  of  shafting  and  belts  which 
prevent  any  saving  in  power  from  being  effected.  It  is  in  new 
shops  constructed  with  especial  reference  to  electric  transmis- 
sion that  we  are  to  look  for  the  best  results  in  efficiency. 

It  is  further  to  be  remembered  that  the  loss  of  *  power  from 
shafting  and  belts  is  constant  as  long  as  the  engine  is  running, 
whether  one  machine  or  a  hundred  be  in  operation,  while  the 
loss  in  electric  transmission  is  a  per  cent,  of  the  actual  power 
used,  and  diminishes  as  the  consumption  of  current  diminishes. 
This  is  particularly  important  during  times  of  business  depres 
sion,  when  only  a  part  of  the  plant  is  in  operation. 

Some  space  has  been  devoted  to  considering  the  question  of 
relative  first  cost  and  efficiency,  since  many  arguments  pro  and 
con  have  hinged  on  these  two  points. 

Electricity  should  not  base  its  claims  to  recognition  on  either 
of  these.  In  most  cases  there  are  far  more  important  advan- 
tages to  be  considered.  Keferring  again  to  Table  II.,  it  will  be 
noticed  that  in  column  8  are  given  the  estimated  pay  rolls  of 
.the  different  establishments,  allowing  $500  per  annum  for  each 
man  employed.  Notice  how  large  these  numbers  appear  iu 
contrast  with  those  we  have  been  considering.  A  saving  of 
from  two  to  five  per  cent,  in  the  pay  roll  is  of  more  importance 
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thau  any  saying  which  is  likely  to  be  effected  in  the  power 
plant 

The  average  useful  horse-power  per  man  in  the  heavy  ma- 
chinery establishments  before  mentioned  was  0.38  horse-power, 
representing  $22.80  per  year  on  the  usual  estimate  of  $60  per 
horse-power  per  year.  If  the  services  of  the  man  are  set  at 
$500  per  year,  a  low  figure,  the  average  cost  of  power  is  only  4J 
per  cent,  of  the  cost  of  labor. 

In  the  light  machinery  establishments  the  average  useful 
horse-power  per  man  was  only  0.195  or  $11.70  per  year  ;  being 
only  2i  per  cent,  of  the  labor  cost. 

•  In  some  shops  the  power  cost  represents  only  about  one  per 
cent,  of  the  total  expense  of  running. 

The  question  of  the  advantage  of  introducing  electricity  hinges 
not  upon  efficiency  of  transmission^  but  upon  the  effect  on  the  output 
of  product  per  man  and  per  machine. 

The  different  points  to  be  considered  in  determining  how 
electricity  affects  general  economy  of  production  may  be  classi- 
fied as  follows : 

1.  General  arrangement  of  machinery  to  facilitate  handling  of 
work. 

2.  Clear  head-room  for  the  use  of  electric  cranes  and  small 
hoists. 

3.  Light  and  cleanliness. 

4.  Control  of  speed. 

5.  General  flexibility  of  the  system. 

6.  Use  of  electricity  for  other  purposes  than  power. 

1.   General  Arrangement. 

The  ordinary  machine  shop  of  to-day,  in  its  shape  and  size 
and  in  the  general  arrangement  of  its  engines  and  machinery,  is 
the  slave  of  shafting  transmission.  'The  engine  must  be  so 
located  as  to  connect  conveniently  with  the  shafting ;  all  the 
machines  must  be  arranged  in  parallel  lines,  for  the  same  rea- 
son ;  while  the  cailings  and  posts  must  be  designed  with  special 
reference  to  the  demands  of  hangers  and  brackets.  This  has 
been  so  long  the  case,  that  perhaps  we  hardly  realize  the  possi- 
bility of  a  change. 

Machinery  should  be  arranged  with  reference  to  the  work  it 
is  to   do,  and  not  with  reference  to  the  power  to  be  used ;  it 
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should  be  so  located  on  the  floor  of  the  shop  as  to  be  easily 
accessible  for  operation  and  attendance,  and  in  sach  a  way  that 
the  work  may  be  readily  handled  and  well  lighted. 

The  whole  shop  should  be  planned  with  a  view  to  handling 
the  product  with  the  least  waste  of  time  and  labor,  and  elec- 
tricity makes  this  possible.  Large  machines  may  be  put  in  any 
position  and  at  any  angle,  or,  if  need  be,  may  be  transported 
from  place  to  place  to  accommodate  the  work.  The  power 
plant  may  be  located  in  the  most  favorable  place  for  taking  care 
of  coal,  water,  and  ashes,  and  the  power  distributed  to  any  build- 
ing or  buildings,  with  but  little  loss. 

2.  Char  Head-room, 

In  all  shops  doing  heavy  work,  the  rapid  and  economical 
handling  of  the  work  is  one  of  the  most  important  factors  in 
cheap  production. 

The  electric  crane  is  the  most  convenient  and  efficient  carrier 
yet  developed,  and  the  absence  of  overhead  shafting  and  belts  in 
electric  transmission  makes  its  use  possible  over  all  the  larger 
machines.  The  writer  believes  that  small  electric  hoists  will 
also  take  the  place  of  hand  hoists  over  smaller  machines,  until 
every  machine  in  the  shop  can  be  reached  in  this  way  when 
desired. 

This  advantage  of  the  electric  system  was  what  prompted  its 
introduction  into  the  Baldwin  Locomotive  Works,  and  the  sav- 
ing there  has  been  notable.  Formerly  from  30  to  40  laborers 
were  employed  to  handle  the  work  in  the  wheel-shop,  while  now 
only  8  or  10  are  needed  ;  formerly  from  8  to  10  per  cent  of  the 
time  of  the  skilled  help  was  lost  from  delays  in  handling,  but 
this  loss  has  been  reduced  to  less  than  two  pei*  cent.  A  saving 
of  this  kind  is  of  more  importance  than  any  probable  saving  of 
coal. 

3.  Lvjld  and  Ckaiilhiess, 

As  another  result  of  our  long  subjection  to  ordinary  methods 
of  conveying  power,  we  have  come  to  regard  a  machine  shop  as 
necessarily  dark,  a  synonym  for  all  that  is  black  and  dingy.  A 
glance  at  the  shops  of  some  of  our  electrical  establishments 
will  convince  any  one  that  this  is  a  mistake. 

Shops  like  those  of  the  Crocker-Wheeler  Co.,  the  Westing- 
house  Co.,  etc ,  have  been  called  "  show  places  ; "  but  at  least 
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they  show  the  way  from  darkness  into  light,  and  should  receive 
credit  for  it 

The  belt  is  a  dost  carrier  as  well  as  a  power  carrier,  and 
nothing  can  be  kept  clean  in  its  vicinity.  When  we  add  to  this 
the  shadows  cast  by  the  shafts  and  belts  themselves,  we  have  a 
condition  of  things  which  tends  to  mistakes  and  poor  work,  and 
cannot  be  without  a  corresponding  moral  effect  on  the  workman. 

The  writer  saw,  during  the  winter  holidays,  in  one  large  estab- 
lishment having  the  usual  maze  of  countershafts  and  belts,  an 
attempt  to  whitewash  ceilings  and  walls,  which  was  almost 
pathetic  in  its  absurdity. 

The  partial  or  entire  absence  of  overhead  belts,  and  the  dif- 
fused light  reflected  from  whitewashed  ceilings  and  walls,  will 
cause  an  improvement  in  both  quantity  and  quality  of  output 
which  will  prove  a  strong  argument  for  electricity. 

4  Control  of  Speed. 

One  of  the  minor  advantages  of  direct-connected  motors  on 
large  machines  is  the  possibility  of  easily  and  quickly  adapting 
the  speed  of  tlie  machine  to  the  kind  of  work  being  done.  On 
large  boring  mills  and  lathes,  especially  when  facing  up  work, 
this  may  be  a  factor  of  considerable  importance  in  determining 
the  cost  of  production.* 

5.   General  Flexibility  of  the  System. 

The  ease  with  which  the  electric  system  of  transmission  may 
be  adapted  or  extended  is  one  of  the  strongest  arguments  in  its 
favor.  The  extravagant  consumption  of  power,  as  noted  in  the 
former  paper,  is  probably  due,  in  most  cases,  to  a  gradual  exten- 
sion of  the  shafting  system  by  lengthening  shafts  beyond  a  rea- 
sonable limit,  to  the  turning  of  corners  with  bevel  gears,  and  to 
the  use  of  turned  and  twisted  belts,  with  their  attendant  evils  in 
the  way  of  guide  pulleys. 

Shops  are  usually  planned  with  a  view  to  present  needs 
rather  than  future  possibilities,  and  extensions  are  made  at  some 
disadvantage  ;  but  in  the  electrical  shop  this  need  cause  no 
uneasiness.  Whatever  the  location  or  the  angular  position  of 
the  new  building,  the  only  expense  is  that  of  new  motors  and  a 
few  hundred  feet  of  wire. 


*  See  article  by  Mr.  W.  E.  Hall  in  Cassiers  Magazine  for  Fobranry,  lb95. 
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If  added  experience  shows  the  desirability  of  rearranging  any 
part  of  the  original  plant,  there  is  nothing  in  the  way.  If  at  any 
time  the  mountain  declines  to  go  to  Mahomet,  Mahomet  can 
easily  be  moved  to  the  mountain,  in  the  clutches  of  an  electric 
crane. 

6.   Other  Uses  of  the  Electric  Current, 

If  the  right  kind  of  an  electric  system  be  chosen,  the  same 
current  can  be  used  in  a  variety  of  wax  s  which  are  just  begin- 
ning to  be  appreciated.  Besides  the  advantage  of  having  arc 
and  incandescent  lamps  without  any  additional  expense  for 
generators,  the  electric  current  may  be  used  for  welding,  braz- 
ing, soldering,  annealing,  and  case-hardening,  and  each  and  all 
of  these  operations  may  be  effected  locally  on  large  machines 
without  moving  them  from  their  positions. 

Some  are  inclined  to  look  askance  on  electric  motors,  and  to 
have  doubts  as  to  their  durability  and  freedom  from  accident 
To  the  ordinary  manufacturer  and  superintendent  the  electric 
motor  is  something  that  he  does  not  fully  understand,  and,  con- 
sequently, something  to  be  distrusted. 

An  electric  motor,  if  properly  designed  and  constructed, 
requires  no  more  care  than  any  piece  of  machinery  running 
at  the  same  speed.  The  writer  has  had  under  his  personal 
observation  motors  which  have  run  for  years  whenever  called 
on,  have  required  less  care  than  an  ordinary  loose  pulley,  and 
have  cost  almost  nothing  for  repairs. 

Only  lately  the  writer  saw  a  railway  motor  driving  a  grinder 
for  pulverizing  furnace  linings,  in  an  atmosphere  so  full  of  grit 
and  dust  that  the  operator  had  to  keep  his  mouth  and  nose 
masked.  The  motor  under  a  street  car  will  convince  the  most 
superficial  observer  that  there  is  nothing  to  be  feared  on  this 
score. 

It  is  difficult  to  get  reliable  and  precise  data  from  actual 
examples,  even  from  establishments  where  both  kinds  of  trans- 
mission have  been  tried;  but  the  almost  universal  testimony  of 
such  is  that  the  new  experiment  is  a  success,  that  they  would 
not  go  back  to  the  old  system,  and  that  as  rapidly  as  possible 
the  electric  system  will  be  extended  to  all  parts  of  the  works. 

The  writer  has  recently  visited  several  establishments  in 
Cleveland  where  electricity  has  been  introduced  to  a  greater 
or  less  extent. 
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The  works  referred  to  as  No.  5  in  the  preceding  tables  have, 
within  the  past  year,  been  partially  equipped.  An  electric 
plant  has  been  put  in,  consisting  of  a  150-kilowatt  generator, 
belted  from  the  engine,  and  furnishing  a  direct  current  of  220 
volts  to  various  motors  and  to  arc  and  incandescent  lamps 
throughout  the  buildings.  The  motors  are  mostly  shunt 
wound,  self-regulating,  and  vary  in  capacity  from  3  to  15  horse- 
power. 

Owing  to  the  arrangement  of  the  buildings,  it  had  formerly 
been  necessary  to  run  line  shafts  at  right  angles,  and  use  quarter- 
tarn  belts  and  guide  pulleys.  Some  of  the  motors  are  now  used 
at  the  angles  to  do  away  with  the  belts,  but  in  general  the 
shafting  itself  has  not  been  disturbed,  and  consequently  much 
of  the  loss  due  to  shafting  transmission  remains. 

In  other  instances  independent  motors  are  used  to  drive  large 
machines,  or  groups  of  machines.  When  there  is  much  dust, 
as  in  the  case  of  emery  grinding,  the  iron-clad  motor  is  used. 
Although  this  can  be  called  but  a  partial  trial  of  the  electric 
system,  and  has  many  of  the  disadvantages  which  could  be 
avoided  in  a  new  installation,  the  experiment  is  so  far  a  success, 
and  will  be  extended  as  fast  as  practicable. 

Through  tbe  courtesy  of  Mr.  Bartol,  a  member  of  the  Society, 
and  superintendent  for  the  Otis  Steel  Company  of  Cleveland, 
the  writer  was  permitted  to  inspect  the  works  of  the  company, 
where  a  new  electric  plant  is  being  installed.  The  company 
have  used  electricity  to  a  limited  extent  for  some  time,  and  the 
present  installation  is  intended  to  concentrate  and  unify  the 
plant.  As  the  works  are  distributed  over  an  area  of  about 
fifteen  acres,  and  as  the  work  is  nearly  all  of  a  heavy  nature, 
tho  wisdom  of  the  change  is  apparent. 

The  central  plant  will  contain  a  165-kilowatt  generator  direct 
connected  to  a  compound  condensing  engine,  and  a  75-kilowatt 
generator  belted  from  a  simple  condensing  engine,  both  genera- 
tors furnishing  current  to  the  same  circuit. 

Either  or  both  of  the  generators  can  be  used,  according  to  the 
amount  of  current  needed.  A  direct  current  of  220  volts  will 
be  used  for  both  light  and  power,  the  arc  lamps  being  in  series 
of  four  and  the  incandescent  lamps  in  series  of  two.  A  central 
distributing  tower  is  erected  over  the  generator,  from  which 
overhead  wires  radiate  to  all  parts  of  the  works.  Separate 
wires  are  run  for  the  lighting  system,  in  order  that  the  lights 
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If  added  experience  shows  the  desirability  of  rearranging  any 
part  of  the  original  plant,  there  is  nothing  in  the  way.  If  at  any 
time  the  mountain  declines  to  go  to  Mahomet,  Mahomet  can 
easily  be  moved  to  the  mountain,  in  the  clutches  of  an  electric 
crane. 

6.  Other  Uses  of  the  Electric  Current, 

If  the  right  kind  of  an  electric  system  be  chosen,  the  same 
current  can  be  used  in  a  variety  of  wax  s  which  are  just  begin- 
ning to  be  appreciated.  Besides  the  advantage  of  having  arc 
and  incandescent  lamps  without  any  additional  expense  for 
generators,  the  electric  current  may  be  used  for  welding,  braz- 
ing, soldering,  annealing,  and  case-hardening,  and  each  and  all 
of  these  operations  may  ba  effected  locally  on  large  machines 
without  moving  them  from  their  positions. 

Some  are  inclined  to  look  askance  on  electric  motors,  and  to 
have  doubts  as  to  their  durability  and  freedom  from  accident. 
To  the  ordinary  manufacturer  and  superintendent  tho  electric 
motor  is  something  that  he  does  not  fully  understand,  and,  con- 
sequently, something  to  be  distrusted. 

An  electric  motor,  if  properly  designed  and  constructed, 
requires  no  more  care  than  any  piece  of  machinery  running 
at  the  same  speed.  The  writer  has  had  under  his  personal 
observation  motors  which  have  run  for  years  whenever  called 
on,  have  required  less  care  than  an  ordinary  loose  pulley,  and 
have  cost  almost  nothing  for  repairs. 

Only  lately  the  writer  saw  a  railway  motor  driving  a  grinder 
for  pulverizing  furnace  linings,  in  an  atmosphere  so  full  of  grit 
and  dust  that  the  operator  had  to  keep  his  mouth  and  nose 
masked.  The  motor  under  a  street  car  will  convince  the  most 
superficial  observer  that  there  is  nothing  to  be  feared  on  this 
score. 

It  is  difficult  to  get  reliable  and  precise  data  from  actual 
examples,  even  from  establishments  where  both  kinds  of  trans- 
mission have  been  tried;  but  the  almost  universal  testimony  of 
such  is  that  the  new  experiment  is  a  success,  that  they  would 
not  go  back  to  the  old  system,  and  that  as  rapidly  as  possible 
the  electric  system  will  be  extended  to  all  parts  of  the  works. 

Tho  writer  has  recently  visited  several  establishments  in 
Cleveland  where  electricity  has  been  introduced  to  a  greater 
or  less  extent. 
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The  works  referred  to  as  No.  5  in  the  preceding  tables  have, 
within  the  past  year,  been  partially  equipped.  An  electric 
plant  has  been  put  in,  consisting  of  a  150-kilowatt  generator, 
belted  from  the  engine,  and  furnishing  a  direct  current  of  220 
volts  to  various  motors  and  to  arc  and  incandescent  lamps 
throughout  the  buildings.  The  motors  are  mostly  shunt 
wound,  self-regulating,  and  vary  in  capacity  from  3  to  15  horse- 
power. 

Owing  to  the  arrangement  of  the  buildings,  it  had  formerly 
been  necessary  to  run  line  shafts  at  right  angles,  and  use  quarter- 
turn  belts  and  guide  pulleys.  Some  of  the  motors  are  now  used 
at  the  angles  to  do  away  with  the  belts,  but  in  general  the 
shafting  itself  has  not  been  disturbed,  and  consequently  much 
of  the  loss  due  to  shafting  transmission  remains. 

In  other  instances  independent  motors  are  used  to  drive  large 
machines,  or  groups  of  machines.  When  there  is  much  dust, 
as  in  the  case  of  emery  grinding,  the  iron-clad  motor  is  used. 
Although  this  can  be  called  but  a  partial  trial  of  the  electric 
system,  and  has  many  of  the  disadvantages  which  could  be 
avoided  in  a  new  installation,  the  experiment  is  so  far  a  success, 
and  will  be  extended  as  fast  as  practicable. 

Through  the  courtesy  of  Mr.  Bartol,  a  member  of  the  Society, 
and  superintendent  for  the  Otis  Steel  Company  of  Cleveland, 
the  writer  was  permitted  to  inspect  the  works  of  the  company, 
where  a  new  electric  plant  is  being  installed.  The  company 
have  used  electricity  to  a  limited  extent  for  some  time,  and  the 
present  installation  is  intended  to  concentrate  and  unify  the 
plant.  As  the  works  are  distributed  over  an  area  of  about 
fifteen  acres,  and  as  the  work  is  nearly  all  of  a  heavy  nature, 
tho  wisdom  of  the  change  is  apparent. 

The  central  plant  will  contain  a  165-kilowatt  generator  direct 
connected  to  a  compound  condensing  engine,  and  a  75-kilowatt 
generator  belted  from  a  simple  condensing  engine,  both  genera- 
tors furnishing  current  to  the  same  circuit. 

Either  or  both  of  the  generators  can  be  used,  according  to  the 
amount  of  current  needed.  A  direct  current  of  220  volts  will 
be  used  for  both  light  and  power,  the  arc  lamps  being  in  series 
of  four  and  the  incandescent  lamps  in  series  of  two.  A  central 
distributing  tower  is  erected  over  the  generator,  from  which 
overhead  wires  radiate  to  all  parts  of  the  works.  Separate 
wires  are  run  for  the  lighting  system,  in  order  that  the  lights 
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may  be  controlled  from  the  central  station.  Ammeters  on  6ach 
line  show  the  relative  amounts  of  current  taken  by  each  shop 
and  by  the  lighting  system.  The  switch-board  is  also  provided 
with  those  very  important  safety  valves,  automatic  circuit 
breakers.  Mr.  Bartol  determined  the  amount  of  current  which 
would  be  needed  in  the  different  shops  by  a  method  which  is  to 
be  recommended  to  all  who  anticipate  such  a  change. 

Indicator  cards  were  taken  from  the  engines  when  driving  the 
shafting,  and  when  driving  the  different  machines,  and  the  dif- 
ferent shops,  and  from  these  cards  the  necessary  capacity  of 
motors  and  of  generators  could  be  quite  accurately  calculated. 

The  motors  are  either  shunt  or  series  wound,  according  to 
the  use  which  is  to  be  made  of  them,  and  vary  in  capacity  from 
5  to  30  horse-power.  The  motors  are  in  all  cases  belted  to  the 
machines  or  shafting  and  controlled  by  rheostats. 

As  a  rule,  no  attempt  has  been  made  to  displace  shafting 
already  in  place,  but  the  writer  noticed  two  large  roll  turning- 
lathes  driven  by  independent  motors,  one  of  5  and  one  of  10 
horse-power. 

In  the  finishing  room  for  steel  castings,  the  machines  are  all 
arranged  along  the  side  of  the  room  and  driven  by  counters 
and  line  shafting  attached  to  the  wall,  leaving  clear  head-room 
for  the  electric  crane  used  in  handling  the  work. 

Electric  cranes,  both  of  the  travelling  and  jib  type,  are  in 
evidence  throughout  the  works,  and  some  portable  machine 
tools  are  driven  by  independent  motors.  It  is  interesting  to 
note  that  at  this  establishment  the  rival  giants,  electricity,  com- 
pressed air,  and  hydraulic  power,  are  working  side  by  side,  each 
in  its  own  proper  sphere. 

At  the  new  shops  of  the  Atlas  Bolt  and  Screw  Co.  of  Cleve- 
land, a  two  phase  electrical  plant  has  lately  been  installed. 
The  buildings  in  this  case  are  located  on  three  sides  of  a  tri- 
angle, with  the  power  house  at  one  angle,  a  situation  of  things 
which  almost  precludes  the  use  of  shafting  in  the  ordinary 
way.     To  the  electric  wires  this  makes  no  difference. 

The  machinery  is  mostly  of  the  automatic  type,  arranged  in 
groups,  and  running  at  a  constant  speed,  a  condition  of  things 
favorable  to  the  polyphase  system. 

A  60  horse-power  high-speed  engine  is  belted  to  a  45-kilowatt 
two-phase  generator  and  to  a  15-kilowatt  exciter.  The  exciter 
is  made  of  this  size  in  order  to  furnish  a  direct  current  for  the 
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lighting  as  well,  the  lamp  system  being  thus  entirely  distinct 
from  the  power  system.  This  use  of  the  exciter  is  somewhat 
novel  and  interesting. 

Motors  are  scattered  throughout  the  works  wherever  needed, 
in  sizes  varying  from  5  to  20  horse-power.  They  are  in  most 
cases  hung  from  the  ceiling  at  the  same  height  as  the  shafting, 
so  that  the  belts  are  horizontal.  The  motors  are  all  of  the 
induction  type  and  entirely  destitute  of  commutators  or  brushes, 
so  that  they  require  no  attention,  except  to  keep  the  bearings 
oiled.  The  motors  can  all  be  started  at  once  from  the  engine- 
room,  or  each  one  separately  by  a  switch. 

No  attempt  has  been  made  to  do  away  with  the  line  shafts 
and  counters,  as  the  nature  of  the  machinery  renders  this 
impracticable,  but  the  ability  to  run  even  remote  sections  of 
the  shops  independently  of  the  remainder,  as  well  as  the  entire 
absence  of  vertical  belts  through  the  floors,  has  been  sufficient 
reason  for  the  adoption  of  this  form  of  transmission. 

General  Conclusions, 

When  the  shops  of  a  manufacturing  establishment  are  scat- 
tered over  a  considerable  extent  of  territory,  the*  installation  of 
a  central  power  plant  having  large  and  economical  engines,  and 
the  distribution  of  the  power  to  the  different  shops  by  wires, 
instead  of  by  steam  pipes,  is  a  change  always  to  be  recommended, 
and  that  will  soon  pay  for  itself. 

When  the  establishment  consists  of  one  large  building  or 
compact  group  of  buildings,  a  change  to  the  electric  system  is 
to  be  recommended  where  heavy  work  is  to  be  handled,  especially 
if  the  machines  are  somewhat  scattered,  require  considerable 
power,  or  are  intermittent  in  their  action.  In  such  cases  some 
of  the  shafting  may  be  left  in  position,  but  the  writer  believes 
that  the  more  independent  motors  are  used  on  machines  requir- 
ing over  two  horse-power  the  greater  will  be  the  economy. 

In  shops  doing  light  work  and  having  many  small  machines 
compactly  arranged  and  in  continuous  operation,  a  change  to 
the  electric  system  would  be  expensive  and  of  doubtful  utility. 
See,  for  instance,  shops  Nos.  10  and  12  in  tables. 

In  building  a  new  shop  the  chances  are  better  for  electric 
installation  ;  and  any  manufacturer  who  does  not,  under  these 
circumstances,  investigate  the  subject  and  consider  carefully 
the  question  of  using  electricity,  is  making  a  great  mistake. 
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The  ideal  arrangement  for  a  shop  haiidling  heavy  work  is  that 
of  a  building  having  one  lofty  centre  aisle  lighted  from  above, 
and  two  side  aisles  of  less  dimensions  lighted  from  the  sides. 
Every  square  foot  of  floor  space  in  the  central  aisle  should  be 
commanded  by  electric  cranes.  Here  the  larger  tools  will  be 
located,  each  with  special  reference  to  convenience  in  handling 
work,  and,  as  far  as  practicable,  fitted  with  independent  motors. 

The  smaller  machines  are  located  in  the  side  aisles  near  the 
dividing  line  of  columns,  and  may  be  driven  in  groups  by  short 
lines  of  shafting  hung  on  the  columns  below  the  tracks  of  the 
travelling  cranes,  each  line  being  driven  by  a  separate  motor. 

Units  of  about  five  horse-power  are  large  enough,  for  this 
kind  of  work. 

Motors  of  two  or  possibly  of  one  horse-power  are  as  small  as 
can  at  present  be  economically  used. 

The  benches  for  hand  work  should  be  located  at  the  side 
tvalls  near  the  windows.  Smaller  cranes  and  electric  hoists 
may  command  all  the  space  in  the  side  aisles.  ' 

Some  of  the  drills  and  shapers  should  be  fitted  with  direct 
connected  motors  and  have  eye-bolts  at  the  top  by  which  they 
may  be  moved  from  place  to  place. 

In  the  power  house  the  use  of  two  generators,  one  large  and 
one  small,  will  often  prove  economical,  the  smaller  one  being 
used  for  night  or  overtime  work. 

Polyphase  and  Continuous  Current  Systems. 

The  writer,  as  a  mechanical  and  not  an  electrical  engineer, 
hesitates  to  say  much  on  this  delicate  subject.  However,  it  is 
a  question  which  must  be  settled  at  the  outset  in  deciding  upon 
the  arrangement  of  a  shop. 

The  great  advantages  of  the  polyphase  or  induction  motors 
are  in  their  simplicity,  their  freedom  from  rubbing  contacts,  and 
the  constancy  of  their  speed ;  the  great  disadvantage,  the  fact 
that  the  speed  cannot  be  regulated,  since  the  motor  must 
always  be  in  phase  with  the  generator. 

When  electricity  is  to  be  applied  simply  to  run  line  shafting 
and  counters,  and  the  speed  of  separate  machines  is  to  be  con- 
trolled by  the  usual  belts  and  gears,  the  polyphase  system  is 
entirely  satisfactory. 

On  the  other  hand,  when  it  is  necessary  to  use  independent 
and  direct-connected  motors  on  cranes  and  on  machine  tools, 
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prompt  and  economical  speed  control  is  an  absolute  necessity  ; 
and  it  is  here  that  the  continuous-current  machine  has  a  great 
advantc^.  Without  any  prejudice,  it  is  the  earnest  belief  of 
the  writer  that  the  greatest  advantages  in  electrical  transmission 
are  to  come  from  the  use  of  independent  motors  to  the  largest 
extent  possible,  and  that  the  time  will  come  when  nearly  every 
machine  in  the  shop  will  have  its  own  motor.  Progress  in  tliis 
direction  is  slow,  and  the  intermediate  steps  must  be  taken  first ; 
but  when  an  electrician  sneers  at  the  use  of  direct-connected 
motors  per  se  one  cannot  but  suspect  that  it  is  only  because 
he  has  not  yet  perfected  a  motor  that  will  satisfy  the  require- 
ments. 

The  principal  difficulty  in  designing  direct-connected  motors 
for  machine  tools  has  been  that  of  getting  slow  speed  without 
great  weight  and  of  securing  proper  speed  variation  without 
seriously  impairing  the  efficiency.  The  multipolar  machine 
has  helped  to  solve  the  former  difficulty.  In  regard  to  the  latter 
problem  it  may  be  said  that  the  speed  of  the  motor  has  usually 
been  changed  by  introducing  resistance  into  the  armature  cir- 
cuit, thereby  causing  a  loss  of  power  corresponding  to  the  re- 
duction of  speed. 

.  Lately  motors  have  been  constructed  with  so-called  com- 
mutating  fields.  The  motor  in  this  case  has  several  fields 
wound  in  separate  coils,  and  when  a  change  in  speed  is  desired 
these  fields  may  be  cut  out  one  after  the  other. 

If  desired,  a  combination  of  this  system  with  a  resistance 
in  the  armature  circuit  may  be  used.  The  so-called  Leonard 
system,  having  several  feed  wires  carrying  currents  of  different 
voltages,  is,  of  course,  somewhat  expensive  on  account  of  the 
amount  of  copper  used  and  the  general  complication  of  the 
system. 

It  is,  however,  very  encouraging  to  note  the  improvements 
which  are  constantly  being  made  in  the  construction  of  slow- 
speed  generators  for  direct  connection. 

It  is  better  in  a  paper  of  this  kind  to  avoid  mention  of 
any  particular  firms.  Suffice  it  to  say  that  there  are  at  the 
present  time  at  least  two  firms  of  established  reputation  who 
are  ready  to  supply  slow-speed  motors  suitable  for  direct  con- 
nection to  machine  tools  and  capable  of  almost  any  degi*ee  of 
speed  regulation. 

These  motors  can  run  at  from  100  to  200  revolutions  per 
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minute  and  can  be  obtained  in  sizes  of  from  one  to  five  horse- 
power, while  the  guaranteed  efficiency  is  from  70  to  SO  per  cent. 

Until  it  shall  be  possible  tr)  do  away  with  shafting  and  belts 
in  situations  where  that  is  desirable,  the  problem  is  only 
partially  solved. 

The  steps  thus  far  taken  in  the  direction  of  electrical  trans- 
mission, while  encouraging,  can  only  be  regarded  as  the  begin- 
ning of  a  more  radical  change. 

It  is  the  hope  of  the  writer,  before  another  year,  to  make  some 
experiments  in  establishments  which  have  introduced  electrical 
transmission,  and  to  show  more  conclusively  than  has  been 
done  in  this  paper  the  economic  advantages  of  the  newer 
system. 

DISCUSSION. 

Prof.  L.  S.  Ra7)dofph, — One  of  the  most  important  advanti^es, 
if  not  the  most  important,  of  the  independent  motor  system  in 
shops  to  which  the  methods  of  electrical  transmission  lends  it- 
self is  the  facility  with  which  rearrangement  of  shop  tools  can 
be  accomplished.  If  the  character  of  the  work  requires  that 
the  pieces  should  go  on  the  lathe  fii-st,  that  tool  can  be  placed 
first  in  the  path  of  the  work ;  and  if  another  kind  of  work  de- 
mands a  different  arrangement,  it  can  be  readily  made.  Where 
the  belt  and  countershaft  are  used  the  machine,  when  once 
placed,  usually  remains  there  indefinitely. 

The  whole  question,  however,  seems  to  be  one  the  solution 
of  which  depends  entirely  upon  the  conditions  surrounding  each 
individual  case. 

A  building,  about  a  hundred  yards  from  a  boiler  plant,  re- 
quired to  be  supplied  with  power ;  had  that  been  all,  a  motor 
driven  by  electricity  might  have  been  used ;  but  the  building 
also  required  to  be  heated,  and  as  4t  was  perfectly  feasible  to 
get  an  engine  which  would  require  but  little  more  attention  than 
an  electric  motor,  the  ability  to  accomplish  both  results  with 
one  installation  would  more  tha-n  compensate  for  the  advantages 
any  other  system  could  offer.  It  is  to  be  hoped  that  the  excel- 
lent results  obtained  by  the  close  competition  in  the  electrical 
busine^^s  will  stimulate  a  more  careful  study  of  other  methods 
of  power  transmission,  for  as  yet,  for  the  transmission  of  medium 
and  high  rotative  speeds,  electrical  methods  leave  little  to  be 
desired  except  a  lower  first  cost 
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Mr,  J.  B.  Stantcood. — I  should  like  to  say  that  in  establishing 
generating  plants  for  the  transmission  of  power  electrically 
manufacturers  should  not  lose  sight  of  the  "  steam  end  '*  of  the 
problem.  If  an  advantage  is  secured  by  reducing  frictional  loss 
in  a  given  plant,  care  must  be  taken  that  the  type  of  engine 
employed  to  drive  a  generator  is  not  one  whose  economy  is  so 
poor,  whose  cost  of  maintenance  is  so  great,  and  whose  life  is 
so  short  as  to  entirely  neutralize  the  saving  originally  desired. 

It  would  be  useless  to  substitute  for  a  good,  slow-speed  Cor- 
liss factory  engine  a  high  speed,  short-stroke,  automatic  engine 
(directly  connected  to  the  generator),  whose  only  advantage  is 
its  compactness,  low  first  cost,  and  close  regulation  for  such 
service. 

I  am  of  the  opinion  that  slow-speed  dynamos  directly  con- 
nected to  some  form  of  compound  engine,  capable  of  handling 
variable  loads,  so  proportioned  that  the  average  load  can  be 
carried  at  a  water  rate  not  in  excess  of,  and  probably  better 
than,  that  of  good  Corlisa  practice,  is  a  type  which  will  grow  to 
be  satisfactory  and  popular. 

In  tins  connection  I  would  suggest  the  following  speeds  for 
different  powers : 

Proposed  Speeds  pou  Direct-Connected  Factory  Qenerators. 


Rated 
r»e  Power. 

K.  w. 
Capacity  of  Generator. 

Revolations 
per  Minute. 

100 

66 

225 

150 

100 

200 

200 

135 

175 

800 

200 

150 

400 

250 

125 

600 

300 

100 

A  criticism  of  these  speeds  will  be  made  on  the  score  of  oosi 
To  such  I  can  say  that  upon  inquiry  it  will  be  found  that  very 
reliable  slow-speed  generators  can  now  be  purchased  at  but  a 
slight  excess  in  price  over  the  more  speedy  machines. 

3fr,  Dan  C.  Woodward. — Mr.  Benjamin  says  that,  although 
his  ''  calculations  are  rough  and  based  on  insufficient  data," 
"  two  facts  can  still  be  regarded  as  proven : 

"1st.  That  the  first  cost  of  electrical  machinery  is  usually 
greater  than  that  of  shafting  and  belting. 

"  2nd.  That  the  saving  in  power  in  most  machinery  establish- 
ments would  pay  for  the  additional  cost  of  the  electric  plant  in 
from  one  to  five  years.'' 
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In  regard  to  the  first  cost  I  wish  to  bring  out  one  or  two  points. 

The  tests  recorded  in  his  table  were  made  by  taking  indicator 
cards  from  the  engine.  First,  the  cards  were  taken  with  all  the 
shafting  and  machinery  running  as  usual ;  second,  cards  were 
taken  with  the  engine  running  the  shafting  and  loose  pulleys 
only,  and  this  last  was  called  t)ie  friction  load,  and  the  difference 
between  the  two  was  called  the  useful  load. 

He  then  says  that  the  friction  load  or  loss  of  power  due  to 
transmitting  it  with  shafting  and  belting  is  constant.  From 
experiments  made  by  myself  on  power  transmission,  as  well  as 
from  a  paper  presented  before  the  Society  in  vol.  viL  by  Mr. 
Wilfreed  Lewis,^  I  am  led  to  believe  that  the  friction  increases 
as  the  useful  load  increases,  and  is  therefore  a  greater  per  cent 
of  the  total  load  than  is  given  by  his  table. 

In  making  his  calculations  for  the  cost  of  dynamos  and 
motors,  so  far  as  I  can  see  he  has  made  no  allowance  for 
decreased  cost  of  engine  and  boilers,  although  he  shows  that 
the  necessary  power  to  drive  a  given  plant  will  be  from  40  to  60 
per  cent,  less  than  with  shafting  and  pulleys. 

During  the  winters  of  1893  and  1894  I  made  ,an  extended 
series  of  tests,  above  referred  to,  at  the  shops  of  The  Shaw 
Electric  Crane  Co.  to  determine  the  power  required  to  drive 
machine  tools  under  different  conditions. 

Tests  were  made  with  lathes,  planers,  milling  machines, 
upright  and  radial  drills,  grinding  machine,  and  a  boring  milL 

The  tools  for  the  lathes,  planers,  and  boring  mill  were  ground 
to  known  cutting  angles  upon  a  Gisholt  Machine  Co.'s  tool 
grinder.  Some  of  the  machines  were  tested  for  eflSciency  of 
power  transmission,  and  efficiency  curves  were  made. 

From  these  tests  1  learned  that  the  loss  of  power  between 
the  main-line  shaft  and  the  cutting  tool  was  much  greater  than 
I  had  realized,  and  I  think  that  the  builders  of  the  machines 
would  be  equally,  if  not  more,  surprised. 

If  each  machine  tool  could  be  designed  with  reference  to 
being  driven  by  a  motor,  leaving  out  all  belts  and  using  ^ears, 
and  could  the  motor  be  designed  by  a  competent  machine-tool 
designer  for  the  particular  machine  which  it  is  to  drive,  the. 
efficiency  of  power  transmission  for  the  machine  and  motor 
would  be  greatly  increased. 

The  first  cost,  for  instance,  of  a  lathe  and  motor  built  together 
«  Transactions  A.  S.  M.  E.,  vol.  vli.,  p.  549,  No.  318. 
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would  be  little  if  any  more  than  a  lathe  with  its  countershaft 
and  cones,  or  at  least  there  would  be  no  more  difference  between 
the  two  than  is  at  present  found  between  two  lathes  of  same 
nominal  size  built  by  different  concerns. 

For  a  number  of  years  I  have  considered  that  the  time  would 
come  when  each  machine  in  the  shop  would  be  run  by  its  own 
motor.  This  is  the  ideal  method  of  equipping  a  shop,  and 
when  manufacturers  build  machine  tools,  each  with  its  own 
motor,  so  that  those  who  desire  may  purchase  them,  the  same 
result  will  follow  as  with  cranes. 

In  1889  the  first  three-motor  electric  crane  was  built,  and  for 
several  years  past  ihe  electric  crane  has  practically  displaced  all 
other  power  cranes,  and  so  it  will  be  with  shafting  and  belting. 

While  the  cost  of  power  for  manufacturing  in  most  concerns 
is  small  as  compared  with  labor,  still  if  there  is  any  chance  to 
save  even  a  dollar  for  coal  it  should  not  be  overlooked,  and 
undoubtedly  Mr.  Benjamin  is  right  in  saying  that  the  saving  in 
power  will  pay  for  the  change. 

The  best  and  most  important  point  made  by  Mr.  Benjamin  is, 
that  "  the  question  of  the  advantage  of  introducing  electricity 
hinges  not  upon  efficiency  of  transmission,  but  upon  the  effect 
on  the  output  of  product  per  man  and  machine." 

I  have  located,  and  assisted  in  locating,  the  machines  in  three 
different  shops,  and  the  trouble  there  experienced  brought  the 
subject  of  electric  transmission  most  forcibly  to  my  mind.  I 
have  often  said,  and  firmly  believe,  that  there  should  be  some 
kind  of  an  efficient  hoist  over  every  machine  in  the  shop  where 
work  is  to  be  handled  weighing  over  75  pounds. 

At  present  this  is  not  done,  and  cannot  be  without  great 
expense  so  long  as  there  are  belts  and  shafting  in  the  way. 

Each  machine  driven  by  a  direct-connected  motor  will,  of 
itself,  be  more  efficient  of  labor  as  well  as  power. 

The  shifting  of  belts  from  one  cone  step  to  another,  the 
breaking  and  mending  of  belts  and  the  waiting  for  it  to  be  done, 
and  the  slipping  of  belts  under  heavy  cuts,  make  the  output 
depend  upon  belts  and  machine,  and  not  upon  the  man  who  is 
running  it. 

The  points  which  I  have  tried  to  make  clear  are  : 

Ist.  That  the  first  cost  of  the  complete  plant  with  a  given 
number  of  machine  tools  would  be  little  if  any  more  with 
electric  transmission  than  with  shafting  and  belts. 
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2d.  That  the  cost  of  power  will  be  less. 

3d.  That  the  efficiency  of  man  and  machine  would  be  greater 
with  motor-driven  machines. 

4th.  That,  in  consequence  of  these  three  points,  it  follows 
that  the  product  of  the  plant  should  cost  less. 

Mr.  John  B,  Blood. — As  a  general  proposition,  it  must  be 
said  that  electrical  operation  of  machine  shops  must  obtain  its 
benefit  in  spite  of  its  greater  first  oosi  In  almost  every  case 
there  are  three  transformations  in  electrical  transmissions 
instead  of  one,  as  in  the  case  of  shafting  and  belts.  In  the 
latter  there  is  only  the  loss  in  the  shafting  and  its  attached 
organs,  whereas  with  electricity  the  power  is  transmuted  first 
from  mechanical  energy  to  electrical  energy,  and  then,  with  a 
slight  loss  in  the  main  conductors,  it  is  transformed  back  to 
mechanical  energy,  and  the  cost  is  to  be  distributed  among 
those  three  units,  which  take  the  place  of  the  single  unit,  if 
shafting  and  pulleys  with  their  belting  be  called  one. 

If  it  should  happen  that  the  amount  of  shafting  is  unusually 
large,  the  first  cost  of  the  electrical  system  may  run  down  to  a 
point  nearly  equal  to  that  of  the  other,  but  in  general,  if  the 
shop  is  designed  with  reference  to  the  transmissive  plant,  the 
electrical  system  will  cost  the  more. 

In  the  latter  part  of  the  paper  the  author  proposes  two 
generators,  one  large  and  one  small.  I  am  reluctant  to  make 
the  statement  as  a  general  one,  but  it  seems  to  me  to  be  poor 
policy  to  use  generators,  or  in  fact  any  similar  machines,  of 
widely  differing  sizes.  I  know  of  several  cases  where  a  large 
and  small  generator  were  put  in  with  the  idea  of  using  the 
latter  for  night  work.  It  would  have  been  a  great  deal  better, 
in  my  opinion,  to  have  put  in  three  generators  and  to  have 
made  them  all  of  one  size. 

J/>.  A.  IF.  Robinson, — Some  four  or  five  years  ago  the  com- 
pany with  which  I  am  connected  erected  a  new  plant,  and  at 
that  time  we  made  a  complete  investigation  of  this  system  of 
transmission  of  power.  We  felt  unwilling  to  tie  ourselves  up 
exclusively  to  it  without  being  sure  that  it  would  be  entirely 
satisfactory.  After  making  such  investigations  we  concluded 
that  we  could  do  so  with  perfect  safety.  Our  conditions  were 
somewhat  unusual,  because  we  had  to  distribute  our  power  to 
a  number  of  different  shops,  and  if  we  had  adopted  any  other 
system  it  would  either  mean  an  independent  engine  in  each  or 
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2d.  That  the  cost  of  power  will  be  less. 

3d.  That  the  efficiency  of  man  and  machine  would  be  greater 
with  motor-driven  machines. 

4th.  That,  in  consequence  of  these  three  points,  it  follows 
that  the  product  of  the  plant  should  cost  less. 

Mr,  John  B.  Blood.— Ka  a  general  proposition,  it  must  be 
said  that  electrical  operation  of  machine  shops  must  obtain  its 
benefit  in  spite  of  its  greater  first  cost  In  almost  every  case 
there  are  three  transformations  in  electrical  transmissions 
instead  of  one,  as  in  the  case  of  shafting  and  belts.  In  the 
latter  there  is  only  the  loss  in  the  shafting  and  its  attached 
organs,  whereas  with  electricity  the  power  is  transmuted  first 
from  mechanical  energy  to  electrical  energy,  and  then,  with  a 
slight  loss  in  the  main  conductors,  it  is  transformed  back  to 
mechanical  energy,  and  the  cost  is  to  be  distributed  among 
those  three  units,  which  take  the  place  of  the  single  unit,  if 
shafting  and  pulleys  with  their  belting  be  called  one. 

If  it  should  happen  thai  the  amount  of  shafting  is  unusually 
large,  the  first  cost  of  the  electrical  system  may  run  down  to  a 
point  nearly  equal  to  that  of  the  other,  but  in  general,  if  the 
shop  is  designed  with  reference  to  the  transmissive  plant,  the 
electrical  system  will  cost  the  more. 

In  the  latter  part  of  the  paper  the  author  proposes  two 
generators,  one  large  and  one  small.  I  am  reluctant  to  make 
the  statement  as  a  general  one,  but  it  seems  to  me  to  be  poor 
policy  to  use  generators,  or  in  fact  any  similar  machines,  of 
widely  diflfering  sizes.  I  know  of  several  cases  where  a  large 
and  small  generator  were  put  in  with  the  idea  of  using  the 
latter  for  night  work.  It  would  have  been  a  great  deal  better, 
in  my  opinion,  to  have  put  in  three  generators  and  to  have 
made  them  all  of  one  size. 

Mr,  A.  W,  Rohinso7i, — Some  four  or  five  years  ago  the  com- 
pany wifch  which  I  am  connected  erected  a  new  plant,  and  at 
that  time  we  made  a  complete  investigation  of  this  system  of 
transmission  of  power.  We  felt  unwilling  to  tie  ourselves  up 
exclusively  to  it  without  being  sure  that  it  would  be  entirely 
satisfactory.  After  making  such  investigations  we  concluded 
that  we  could  do  so  with  perfect  safety.  Our  conditions  were 
somewhat  unusual,  because  we  had  to  distribute  our  power  to 
a  number  of  diflferent  shops,  and  if  we  had  adopted  any  other 
system  it  would  either  mean  an  independent  engine  in  each  or 
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the  transmission  of  power  to  all  these  various  shops  by  some 
method  of  mechanical  transmission.  So,  instead  of  doing  that 
we  built  a  power  house  down  in  the  end  of  the  lot,  and  planned 
our  works  without  reference  to  distribution  of  power  in  any 
way,  and  that  enabled  us  to  put  our  buildings  just  where  we 
wanted  them  and  to  arrange  them  to  best  advantage.  We  are 
advocates  of  slow  speed ;  consequently  we  employ  a  Corliss 
engine  16"  x  42",  running  80  revolutions,  belted  to  the  generator, 
which  runs  at  330  revolutions.  I  may  say  that  after  four  years' 
experience  we  are  entirely  satisfied  with  the  installation.  We 
have  not  lost  an  hour  from  any  fault  of  the  electrical  apparatus, 
and  although  we  do  not  think  it  is  quite  as  efficient  for  driving 
a  machine  shop  as  the  old  system,  yet  the  advantages  which 
we  obtain  in  other  ways  are  much  more  than  sufficient  to 
overbalance  that.  We  think  it  is  indispensable  for  use  in 
our  overhead  electric  cranes,  and  we  also  use  it  for  arc  and 
incandescent  illumination.  It  is  of  especial  advantage  also 
in  high-speed  machinery  and  those  machines  which  are  used 
intermittently.  We  have  some  machines  which  we  use  only  an 
hour  or  two  a  day.  We  have  others  which  run  at  very  high 
speed,  and  in  these  it  is  especially  satisfactory ;  and  last,  but 
not  least,  the  advantage  which  it  gives  us  of  being  able  _to 
distribute  the  power  wherever  we  want  it  and  at  any  time  we 
want  it  and  at  whatever  speed  we  want  it,  leaves  nothing  to 
be  desired. 

Mr.  n,  77.  Suplee. — The  last  speaker  has  emphasized  a  very 
excellent  point — namely,  that  the  different  parts  of  an  electri- 
cally driven  plant  can  be  designed  without  reference  to  the 
power  transmission,  because  it  is  no  more  trouble  to  send  the 
power  around  a  corner  than  on  a  straight  line.  That  brings  up 
R  fact  which  has  often  been  impressed  upon  me — that  most 
large  establishments  are  not  designed,  they  gro^o ;  and  very 
often  they  grow  along  lines  which  cannot  be  very  well  controlled. 
A  new  building  has  to  be  put  where  there  is  place  for  it,  and 
the  result  is  that  many  of  the  transmissions  in  which  much 
power  is  lost  in  the  shafting-and-belting  method  are  those  in 
which  the  power  has  to  be  transmitted  around  comers  and  into 
places  which  would  never  have  been  deliberately  planned.  I 
think  shafting  and  belting  can  be  made  very  efficient  when  it  is 
designed  beforehand  and  everything  is  made  to  fit  it.  But  the 
great  advantage  of  the  electric  transmission  is  that  it  can  be 
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made  to  fit  the  sitaation,  and  in  nine  cases  out  of  ten  that  is  the 
problem  with  which  we  have^  to  contend. 

This  question  is  often  met  when  old  machinery  is  to  be 
replaced  by  more  modern  appliances,  and  the  old  transmission 
must  be  used  to  drive  the  new  tools.  The  writer  has  met  many 
examples  of  this  in  saw-mill  work.  The  driving  shaft  of  a  band 
saw-mill  is.  parallel  to  the  motion  of  the  log,  while  the  shaft  of 
a  circular  mill  is  at  right  angles  to  the  ways.  Whenever,  there- 
fore, a  band  mill  is  put  in  to  replace  a  circular  mill,  something 
must  be  done  to  the  heavy  transmission  plant  beneath  the  mill 
in  order  to  get  the  power  around  the  comer.  This  has  often 
led  to  the  use  of  heavy  bevel  gearing  or  wide  quarter-turn  belts, 
and  every  one  knows  how  undesirable  either  of  these  expedients 
is ;  and  the  only  alternative  has  been  to  tear  out  the  whole 
transmission  plant.  In  some  few  cases  independent  engines 
have  been  used  to  drive  the  band  mill. 

If  the  mill  is  fitted  with  electric  power,  however,  such  changes 
can  readily  be  made,  and  any  desired  rearrangement  of  ma- 
chinery can  be  made  without  a  thought  as  to  the  question  of 
transmission. 

Mr,  H.  C,  Spatdding, — I  T^ould  like  to  take  issue  with  the  gentle- 
man's remarks  as  to  the  proper  subdivision  of  the  generating  units. 

Some  years  ago,  when  the  state  of  the  art  was  very  different 
from  its  present  development,  it  was  undoubtedly  good  policy  to 
have  a  number  of  comparatively  small  units,  of  which  one  or 
two  at  a  time  might  be  in  the  blacksmith's  shop  for  repairs, 
without  overloading  the  rest  or  seriously  impairing  the  service 
of  the  plant. 

At  the  present  time,  however,  and  in  view  of  the  reliability  of 
properly  designed  apparatus,  especially  of  the  direct-connected 
type,  there  seems  to  be  a  disposition  to  adopt  a  few  large  units 
of  like  capacity,  their  size  being  dependent  upon  the  extent  and 
nature  of  the  service  to  be  performed,  with  one  smaller  machine 
for  night  work,  and  running  special  departments  extra  time 
when  necessary. 

In  some  cases  where  there  is  considerable  load  fluctuation 
during  the  day,  one  unit  of  an  intermediate  size  is  advisable, 
which  may  be  combined  with  one  or  more  of  the  larger  units  in 
such  a  way  as  to  have  each  machine  operating'  at  nearly  its 
most  economical  point  This  arrangement  is  conducive  not 
only  to  a  saving  in  first  cost,  but  to  economy  of  operation. 
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this  quest  ion  of  over-engining  the  generators  is  more  important 
still.  I  have  made  some  tests  on  electric  railway  plants,  and  I 
have  found  that  in  small  plants  the  maximum  load  on  the 
generator  is  generally  about  three  times  the  average  load,  and 
that  the  maximum  load  in  the  cylinder  of  the  same  engine  will 
be  only  about  twice  the  average  load.  That  is  because  the 
electric  load  comes  on  so  quickly  and  goes  oflf  so  quickly  in 
electric  railway  practice,  that  the  sudden  changes  of  load  do 
not  get  past  the  fly-wheel  of  the  engine.  Here  it  becomes 
apparent  that  an  engine  which  is  designed  for  the  maximum 
load  of  the  generator  is  very  much  too  great,  so  that  an  engine 
under  these  conditions  is  running  at  about  one-third  of  its 
capacity  or  less  during  the  average  time,  and  that  it  will  only 
be  called  upon  to  do  its  maximum  work  for  short  intervals. 
I  say  short  intervals,  because  the  load  will  very  frequently  vary 
in  ten  seconds  from  maximum  capacity  of  the  engine  down  to 
practically  the  friction  load.  Those,  of  course,  are  extreme 
cases,  and  they  are  not  cases  which  would  hold  in  manufacturing 
establishments  where  the  load  will  be  more  nearly  uniform. 
As  to  having  very  large  generating  units,  I  think  it  is  a  mistake. 
I  think  that  the  generating  units  should  be  divided  into  about 
three,  so  that  two  units  can  do  the  maximum  work,  and  leave 
one  spare  ;  but  one  unit  will  generally  do  the  average  work.  As 
to  the  speed  of  the  generators,  there  is  very  little  difficulty  at 
present  in  getting  multipolar  generators  which  have  a  very 
moderate  speed.  There  is  no  difficulty  in  putting  them  directly 
on  to  the  shaft  of  a  Corliss  engine  running  at  from  80  to  100 
revolutions  a  minute.  Of  course  the  output  of  a  generator  is 
proportional  to  its  speed,  and  if  it  is  run  at  a  higher  speed 
more  work  can  be  taken  out  of  it,  directly  proportional  to  its 
speed.  But  the  cost  of  multipolar  direct-connected  generators 
nowadays  is  no  more  than  the  belted  bipolar  machines  used,  to 
be,  and  in  getting  estimates  for  belted  and  direct-connected 
machines  it  has  been  my  experience  within  the  last  year  that 
the  direct-connected  machines  are  really  the  cheapest  in  first 
cost  without  regard  to  the  engines. 

Mr,  William  Kent—Mx.  Smith  has  just  stated  that  a  dynamo 
can  be  run  as  low  as  a  Corliss  engine  on  the  same  shaft ;  that  is, 
80  to  100,  I  understand.  I  would  like  to  know  what  is  the 
opinion  of  those  experienced  in  Corliss  engines  as  to  what  is 
the  proper  speed  of  that  type  of  engine.    It  used  to  be  considered 
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that  60  was  as  fast  as  the  Corliss  engine  ought  to  be  run,  and 
that  the  system  of  dash-pots  and  trip  devices  would  not  allow  it 
to  be  run  faster.  Then  it  got  to  be  70  to  80,  and  then  with  some 
engines  it  got  to  be  100,  while  for  nearly  twenty  years  past  a 
Corliss  engine  has  been  running  at  about  150  revolutions  at 
Trenton,  N.  J.  (see  vol.  ii,  p.  71,  of  the  Tranmcitons).  I  would 
like  to  know  if  there  is  any  reason  to-day  why  we  should  keep 
the  Corliss  engine  down  to  80  revolutions. 

Mr.  Johfi  Fritz. — I  would  like  to  ask  Mr.  Kent  why  they  ran 
the  Corliss  engine  he  speaks  of  at  150  revolutions. 

Mr.  A'^<?n^.— Because  they  had  work  to  do  which  wanted  that 
power. 

Mr.  Jesse  M.  Smith. — I  can  say  this,  that  in  getting  estimates 
for  power  plants  within  the  past  year  where  the  Corliss  engines 
were  obliged  to  compete  with  'the  high-speed  engines,  the  Cor- 
liss builders  have  not  hesitated  to  recommend  a  speed  of  90 
revolutions  for  engines  of  400  horse-power.  One  of  the  promi- 
nent builders  oflfered  to  go  to  a  speed  of  125  revolutions  a  min- 
ute, and  give  the  same  guarantees  as  to  the  life  of  his  machine 
as  the  others,  but  he  wanted  a  special  price  for  doing  it  and 
special  appliances  for  dropping  his  valves. 

Mr.  Fritz. — The  speed  depends  a  good  deal  on  what  it  is 
applied  to  and  on  the  circumstances  surrounding  it.  K  you 
want  to  drive  a  train  of  rolls  direct ^  the  engine  must  run  a  given 
number  of  revolutions  per  minute,  and  should  be  so  designed. 
As  to  the  engine  at  Trenton  the  reason  for  high  speed  was,  as  I 
understand  it,  that  the  engine  was  short  of  power,  and  they  ran 
her  up  to  get  the  power  out  of  her  that  was  wanted. 

Mr.  A.  A.  Cary. — I  believe  that  Mr.  William  Sweet,  of  Syra- 
cuse, designed  vertical  engines  of  the  Corliss  type,  having  the 
old  slipper  motions,  to  run  his  rod  mill.  They  were  run  at 
speeds  of  125  to  150  revolutions,  and  have  been  operated  very 
successfully  at  that  speed  for  a  number  of  years. 

Mr.  Francis  Schumann. — I  can  throw  a  little  light  on  this 
Trenton  engine.  I  have  often  watched  its  performance  with 
great  interest,  and  have  known  it  to  run  one  hundred  and  sixty 
(160)  revolutions.  Considerable  alteration  of  detail  was  neces- 
sary before  this  speed  was  attained  with  any  degree  of  satisfac- 
tion, such  as  crank  end  of  rod  and  valve  gear;  considerable 
repairs  and  renewals  of  parts  were  necessary  about  every  two 
years,  if  I  remember  rightly. 
57 
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The  demand  for  this  high  speed  was  imperative,  and  the 
desire  to  use  a  high-standard  engine  naturally  led  to  the  Corliss, 
then  one  of  the  few  engines  of  that  class  in  the  market. 

Mr.  William  Hewitt,  a  member  of  this  association,  contrib- 
uted a  most  interesting  paper  upon  this  engine  some  years 
since,  which  will  be  found  in  our  Trarisactions.* 

2f7\  Thomas  C.  Perkhis. — I  would  like  to  make  a  few  remarks 
as  to  thepresent  practice  of  speeds  in  operating  Corliss  engines. 
I  have  found  that  the  same  is,  for  large  engines,  for  direct-con- 
nected electric  railway  service,  fitted  with  the  Corliss  type 
releasing  valve  gear— from  80  to  100  revolutions  per  minute. 
Few  Corliss  builders  recommend  a  speed  of  126  revolutions, 
though  in  a  few  instances  engines  have  been  put  in  operation 
at  this  speed  and  over  with  fair  results.  Take  the  third  rail 
power  station  at  Berlin,  which  we  are  to  visit  to-morrow ;  there 
you  will  find  two  Greene  engines  running  at  a  speed  of  100. 
These,  however,  are  hardly,  strictly  speaking,  of  the  Corliss 
type.  Speaking  of  the  Corliss  engines  particularly,  I  know  that 
the  Eice  &  Sargent  Engine  Company,  of  Providence,  have  only 
recently  started  up  with  great  success  a  large  vertical  Corliss 
cross  compound  engine  of  about  1,000  horse-power  in  a  mill  at 
Lawrence,  Mass.,  which  is  coupled  direct  to  the  line  shaft,  at 
the  other  end  of  which  is  a  water  wheeL  This  engine  runs  at  a 
speed  of  160.  However,  the  valve  mechanism  of  the  high-pres- 
sure cylinder  is  fitted  with  a  steam-closing  attachment,  while 
the  low-pressure  cylinder  has  a  fixed  cut-oflf — regulated  by 
hand.  Through  my  connection  with  some  of  the  largest  engine 
builders,  I  feel  safe  in  venturing  to  say  that  the  general  practice 
for  operating  Corliss  engines  for  railway  service  is  not  over  100 
revolutions.  I  am  told,  however,  that  the  Allis  Company  are 
oflfering  engines  for  this  service  for  a  speed  of  115. 

3ir.  W.  B.  Smith  WTialey. — I  will  not  go  into  any  particulars, 
but  will  simply  make  a  few  general  remarks  which  may  be  of 
interest  with  regard  to  some  experience  which  1  have  had  in 
cotton  mills  driven  by  electricity. 

I  studied  very  carefully  the  figures  of  electrical  driving,  and 
at  first  thought  that  I  could  not  afford  to  adapt  it,  because  I 
could  not  convince  myself  that  it  was  economical ;  but  being 
met  more  than  half-way  by  the  company  furnishing  the  current, 

*  "  Continuous  Red  Mill  of  the  Treuton  Iron  Company."  Transactions,  vol.  ii., 
p.  71,  No.  23. 
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I  was  induced  to  adopt  it  as  the  motive  power  of  one  of  my 
mills. 

I  have  two  mills  operating  the  same  amount  of  machinery  as 
far  as  the  power  required  is  concerned;  one  with  steam,  the 
other  with  electricity,  as  motive  powers.  In  the  steam  mill  the 
cards  from  the  engine  show  an  average  of  630  horse-power,  and 
in  the  electric  mill  the  meter  shows  an  average  of  only  440  horse- 
power for  the  same  work.  There  is  a  diflference  of  90  odd 
horse-power,  a  very  remarkable  showing  in  favor  of  that  method 
of  driving  the  mill. 

The  electric  mill  is  arranged  for  motors  of  150  horse-power 
each,  and  at  present  is  divided  into  four  units  aggregating  600 
horse-power,  and  I  certainly  thought  that  I  would  require  as 
much  power  in  one  mill  as  in  the  other.  There  is  a  very 
remarkable  gain  shown  in  the  electrical  mill  which  is  due  to  the 
method  of  operating  it  more  economically  with  the  subdivision 
of  the  power  by  motors;  and  this  is  shown  very  clearly  on 
power  curves  which  I  am  keeping  from  day  to  day  at  both  mills. 

The  diflference  in  the  power  required  to  drive  the  mills  is 
greater  than  the  amount  ordinarily  allowed  for  shafting  and 
engine  friction;  but  at  present  I  am  unable  to  state  exactly 
where  this  is,  but  think  it  can  be  largely  accounted  for  in 
shorter  and  lighter  shafting  and  the  absence  of  heavy  belting, 
ropes,  and  cumbersome  head  gearing,  together  with  engine 
friction. 

I  have  been  operating  the  electric  mill  for  about  six  months, 
and  the  steam  mill  twice  as  long,  and  hope  later  to  give  more 
facts  on  the  subject  that  will  be  of  interest. 

Mr.  Olxiiin  Smith. — I  think  one  of  the  most  remarkable 
things  for  us  to  consider  in  general  on  this  question  is  the 
present  status  of  the  question  itself,  compared  with  what  it  was 
five,  six,  seven  years  ago,  or  even  two  or  three  years  ago.  I 
know  that  for  several  years,  even  at  the  risk  sometimes  of  being 
thought  a  little  cranky,  I  have  preached  individual  motors 
xersHH  shafting,  at  first  not  with  entire  confidence  in  my  own 
intuitions,  but  growing  more  confident  all  the  time.  It  is  not  a 
matter  of  ancient  history  that  in  getting  up  in  an  engineering 
meeting  to  talk  about  motors  versus  shafting,  one  felt  that  he 
was  the  "  under  dog."  It  certainly  seems  to  me,  by  the  way  the 
talk  goes  this  morning,  that  the  steam  electricians — if  I  may 
call  them  so — who  used  to  get  up  here  and  advocate  shafting, 
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shafting  woald  be  1  per  cent,  and  electric  transmission  2,  or 
anything  of  that  kind?  We  do  not  care  about  so  small  an 
element.  What  we  do  care  for  is  the  great  convenience  and 
all  the  great  advantages  which  the  current-driven  system  has. 

Something  has  been  said  here  about  the  Corliss  engine  and 
the  difficulty  of  getting  high-speed  generators  directly  connected. 
Of  course,  we  must  not  tbink  of  anything  in  the  future  but  direct 
connection.  We  not  only  want  to  get  rid  of  our  belts  to  our 
individual  machines,  but  at  our  generators.  We  do  not  want 
any  more  belt-driven  generators.  We  want  every  one  on  the 
shaft  of  the  engine,  whether  that  shall  be  a  Corliss  engine  run- 
ning comparatively  slowly,  or  whether  it  be  a  little  "high- 
speed." In  the  former  case  all  we  have  to  do  is  to  increase  the 
diameter  of  our  armature,  as  Ferranti  did  in  his  great  plant  in 
London,  where  he  boldly  jumped  to  42  feet  This  principle  is, 
of  course,  easily  applied,  and  only  requires  the  electrical  engi- 
neer to  adapt  himself  to  the  circumstances  and  make  his  gener- 
ator to  suit  his  engine.  The  whole  thing  is  evolving  beauti- 
fully just  in  the  right  direction.  On  the  other  hand,  if  we  are 
coming  to  steam  turbines,  which  begins  to  look  likely,  all  we 
have  to  do  is  to  design  our  generators  with  small  diameters  to 
suit  the  tremendous  speeds  involved.  We  must,  however,  get 
rid  of  the  fault  of  gearing  down,  and  must  run  our  turbines  as 
slowly  as  needed  for  the  highest  speed  of  generator  which  is 
practicable. 

After  all  this  talk  I  feel  a  good  deal  happier  in  being  pro- 
phetic than  I  used  to.  But  we  must  remember  the  whole  thing 
is  still  in  a  chaotic  state.  When  we  visit  some  of  the  "  show- 
shops"  referred  to  we  are  apt  to  be  disappointed.  We  find 
short  pieces  of  shafting  and  belting  and  then  a  motor  on  a  ma- 
chine, and  then  one  belted  to  a  machine.  They  are  apt  to  say, 
rather  conservatively,  that  they  have  not  quite  got  to  all  indi- 
vidual motors  yet.  This  will  gradually  take  care  of  itself,  and 
as  the  motors  become  adapted  to  their  environments  the  belts 
will  disappear.  The  trouble  is,  that  in  using  a  mixed  system, 
they  are  trying  to  get  the  good  of  both  systems  and  get  a  good 
deal  of  the  bad  of  both. 

To  my  mind  the  future  ideal  shop  will  be  absolutely  clear  of 
shafting  and  belting,  and  the  motors  will  be  adapted  to  all 
the  machines.  Then  we  will  have  the  benefit  of  bright  light 
from  above,  entirely  clear  head-room,  and  overhead  cranes  every- 
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where.  These  will  not,  perhaps,  be  limited  to  as  heavy  a  load 
as  75  pounds,  as  has  been  mentioned,  but  should  be  used  for 
50  pounds.  Wherever  a  man  has  to  lift  50  pounds  and  take  it 
down  frequently,  he  had  better  have  a  light  electric  crane 
especially  adapted  to  the  work  than  to  waste  time  tiring  him- 
self out.  The  general  advantage  when  we  do  have  this  electric 
current  for  the  machines  and  cranes,  and  also  for  light,  and 
'  possibly  for  heat,  will  be  manifest ;  we  will  have  a  perfectly 
simple  system  driven  by  one  generator  at  one  speed  near  the 
centre  of  the  plant,  with  wires  radiating  to  outlying  buildings 
and  reaching  all  possible  positions.  A  little  incidental  advan- 
tage in  machine  shops  will  be  with  planers,  which  will  not 
have  to  stand  all  crosswise  to  the  lathes,  which  are  lengthwise. 
This  new  system  does  away  with  all  that.  We  put  our  machines 
where  we  want,  and  set  them  diagonally  or  any  other  way,  and 
we  have  everything  at  i)erfect  command  in  regard  to  future 
changes  of  position. 

Mi\  Spavldtng, — In  1890  a  paper  was  presented  on  the  adap- 
tability and  economy  of  electric  motors  for  transportation  pur- 
poses ;*  and  the  few  enthusiasts  in  favor  were  quite  thoroughly 
suppressed  by  the  majority  of  the  gentlemen  present,  the  general 
feeling  being  that  horses  were  much  more  economical  than 
motors  for  running  street  cars  on  lines  of  considerable  extent, 
while  the  possibility,  or  rather  advisability,  of  equipping  cars 
with  motors  for  heavy  service  on  long-distance  roads  was  pro- 
nounced entirely  out  of  the  question.  We  know  what  has  been 
d6ne  since  the  date  referred  to  in  this  line  of  work  ;  and  I 
cannot  help  feeling  that  another  nine  years  will  show  the  pres- 
ent consideration  of  electric  power  transmission  for  manufactur- 
ing plants  to  have  been  somewhat  akin  to  that  of  the  Cincin- 
nati meeting,  so  far  as  its  prophetic  character  is  concerned. 

Referring  to  the  tendency  to  provide  generators  of  too  large 
capacity  in  comparison  with  the  engines  operating  them,  Mr. 
Smith  will  be  interested  in  a  plant  which  has  been  recently 
put  in  operation,  in  which  the  engineers  specified  that  the 
generators  should  have  an  overload  capacity  of  50  per  cent 
without  sparking  at  the  commutators.  When  the  formal  test 
was  made,  it  was  found  impossible  for  the  engines  to  carry 
more  than  20  per  cent,  overload,  so  that  in  this  case,  at  least, 

*  "  Working  Railroads  by  Electricity,"  hy  Willis  E.  Hall.  Transacdohs, 
vol.  xi.,  p.  89,  No.  190. 
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there  was  no  trouble  about  having  engines  too  large  in  pro- 
portion to  the  dynamos.  In  this  plant  it  is  interesting  to 
know  that  there  are  operated  from  one  set  of  bus  bars,  at  220 
volts,  more  than  1,000  horse-power  of  motors,  ranging  from  10 
to  100  horse-power  each,  about  400  incandescent  lamps,  and 
60  Manhattan  enclosed  arc  lamps — there  being  no-apparent 
fluctuation  of  the  lights  when  the  largest  motors  are  thrown 
in  or  out  of  circuit. 

The  President. — I  am  pleased  that  Professor  Benjamin  does 
not  take  an  extreme  view,  and  that  he  sees  more  than  one  side 
of  this  subject  of  electrical  transmission  of  power  in  machine 
shops.  The  question  is  one  of  great  importance,  the  details  of 
which  must  be  settled  by  each  manufacturer  in  accordance  with 
the  conditions  which  prevail  in  his  own  shop.  Both  sides  of 
the  question  having  been  so  well  considered  by  Professor 
Benjamin,  and  in  the  discussion,  we  will  trust  that  a  wise  con- 
clusion may  be  reached  by  any  manufacturer  who  is  providing 
new  means  of  transmission  of  power,  or  is  anticipating  the 
rearrangement  of  present  devices.  I  am  very  glad  that  the 
question  has  been  brought  up  and  so  fully  discussed,  and  yet 
we  cannot  at  this  time  reach  a  final  conclusion  which  will  apply 
in  all  cases. 
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DCCXXXIX.* 

A   METHOD   OF  SHOP  ACCOUNTING   TO  DETERMINE 
SHOP   COST  AND  MINIMUM  SELLING   PRICE. 

BT  U.  M.  LANE,  CINCIlfKATI,  O. 

(Member  of  the  Society.) 

This  subject  was  treated  in  a  former  paper,  the  principal  object 
of  which  was  to  present  and  explain  a  tabular  weekly  or  monthly 
statement  by  means  of  which  the  organization  and  expense  of  a 
concern  can  be  kept  in  balance  with  production.  The  tabulation 
being  based  upon  an  annual  estimate  which,  conditions  remaining 
unchanged,  affords  a  means  of  determining  a  selling  price.  The 
selling  price  as  ascertained  embraced,  among  other  items,  percent- 
ages added  to  labor  and  material  sufficient  to  at  once  yield  a  pre- 
determined profit.  This  use  of  percentages  was  not  urged  as 
being  desirable,  and  they  were  used  by  way  of  illustration  in 
explaining  the  central  idea  of  progressive  periodical  tabular  state- 
ments. With  a  view  to  conforming  to  the  best  practice  of  our 
largest  and  best  shops  in  their  methods  of  handling  the  details 
entering  into  the  estimates  and  statements,  information  was  asked 
from,  and  cheerfully  furnished  by,  the  heads  of  about  forty  con- 
cerns in  different  branches  of  the  machine  business  in  widely  sepa- 
rated localities.  By  one  it  was  suggested  that  this  is  a  commercial 
and  not  an  engineering  question.  But  as  a  mechanical  engineer 
without  the  commercial  instinct  would  be  unable  to  earn  enough 
to  pay  his  dues  in  this  Society,  it  is  assumed  that  all  members  m 
good  and  regular  standing  ])ossess  that  instinct  and  consider  the 
subject  germane  to  the  objects  of  our  organization.  It  is  gratifying 
to  note  that  as  a  rule  the  larger  and  more  prosperous  the  concern 
the  greater  the  interest  in  the  subject  and  the  fuller  the  answers 
to  inquiries  as  to  their  methods.  One  manufacturer  relates  that 
he  can  never  reconcile  the  profit  on  any  or  all  articles  manufac- 
tured by  his  company  as  figured  by  their  method  and  their  bank 
account  at  the  end  of  the  year.     Another  incidentally  proves  in 

*  Presented  at  the  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Transaeiions. 
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statiDg  his  method  (?)  that  small  work  cannot  be  as^  cheaply  pro- 
duced m  a  large  as  in  a  small  shop  even  when  the  general  expense 
is  already  met  by  the  large  work.  Another  remarks  as  to  deter- 
mining selling  price:  "Oh,  we  let  the  other  fellow  do  that." 
Subsequent  inquiry,  however,  showed  an  accurate  knowledge  of 
the  difference  between  the  shop  cost  of  the  coiTespondent's  goods 
and  the  "other  fellow's  price."  The  questions  upon  which  in- 
formation was  sought  might  be  considered  delicate  and  rather  as 
an  intrusion  into  matters  which  might  properly  be  considered  con- 
fidential. Desire  for  anything  of  this  nature,  however,  was  dis- 
claimed, and  the  belief  stated  that  the  fullest  discussion  and  widest 
publicity  given  to  accurate  information  of  this  nature  could  result 
in  nothing  but  good  to  all  manufacturers,  benefit  invested  capital, 
and  serve  as  a  protection  against  competition  based  upon  igno- 
rance of  cost  in  its  broadest  sense  and  in  the  long  run.  This  view 
was  acquiesced  in,  and  it  was  admitted  that  the  very  best  infor- 
mation on  the  subject  is  at  least  one  possession,  however  dearly 
bought,  that  may  safely  be  put  in  the  hands  of  every  competitor. 
The  following  method  is  obtained  by  selecting  and  re-grouping 
from  the  best  practice  those  features  which  seem  most  desirable. 
Shop  cost  is  the  sum  of 

1.  Producer's  labor ; 

2.  Cost  of  material,  including  freight,  hauling  and  waste  ; 

3.  Plant  charge ; 

4.  Burden. 

The  items  producer's  labor  and  cost  of  material  require  no 
explanation. 

Plant  charge  is  an  hourly  charge  for  machine  tools  independent 
of,  and  in  addition  to,  the  hourly  charge  for  operator,  and  covers 
interest  and  depreciation  on  the  value  of  the  particular  tool  and 
the  tool's  share  of  the  entire  cost  of  power  and  power  distribution, 
and  in  shops  using  tools  varying  greatly  in  size,  value,  power 
required,  and  amount  of  transmitting,  machinery  involved  will  be 
found  to  vary  from  less  than  one  cent  to  over  forty  cents  per 
hour.  This  hourly  tool  chaise,  when  once  established,  is  not  likely 
to  vary  materially,  and  it  is  listed  and  used  by  the  cost  clerk  in 
the  same  manner  as  the  hourly  rate  of  a  workman. 

The  "  burden,"  an  appropriate  term  met  with  only  in  the  reply 
of  Fraser  &  Chalmers,  is  the  sum  of  all  expense  chargeable  to 
the  shop  except  producer's  labor  and  material.  The  total  for  any 
given  period,  divided  by  the  number  of  producer  hours  for  the 
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same  period,  gives  the  hourly  harden  or  the  number  of  cents  to  be 
added  to  each  producer  hour.  These  four  items  give  "  the  cost 
up  to  the  office  door,"  and  to  which  is  added  a  percentage  cover- 
ing all  office  expense,  including  advertising  and  other  costs  of  sell- 
ing. This,  then,  is  the  minimum  selling  price,  the  price  of  bare 
existence  without  profit,  and  to  which  finally  a  further  addition  is 
made,  depending  upon  circumstances  for  profit.  A  slight  modifica- 
tion, however,  is  practised  by  many,  viz.:  the  adding  of  office 
expense  to  shop  expense  and  including  it  directly  in  the  burden. 
A  refinement  rarely  practised  distributes  the  burden  unequally  to 
departments  as  records  or  judgment  wairants. 

In  no  communication  received  is  any  refereuce  made  to  a 
merchant's  profit  on  material  or  merchandise.  That  this  should 
be  recognized  and  treated  as  a  specific  item  seems  reasoL«able. 
Another  item  not  met  with  is  interest  on  working  capital.  The 
large  sums  tied  up  in  raw  material,  finished  and  unfinished  work, 
and  deferred  payments,  justifies  a  specific  charge. 

It  would  be  interesting  and  profitable  to  devise  a  tabulated 
annual  estimate  by  departments,  and  a  monthly  form  of  statement, 
by  which  actual  and  estimated  receipts  and  expenditures  by  de- 
partments could  be  compared  as  the  year  advances,  after  a  method 
similar  to  that  described  in  the  former  paper  referred  to,  but 
based  upon  the  items  and  methods  herein  described. 

The  presentation  by  members,  of  any  forms  relating  to  this 
subject,  would  be  thankfully  accepted  by  many  who  are  seeking 
to  improve  their  methods. 

DISCUSSION. 

Mr.  F.  A,  Scheffler, — I  have  not  devoted  any  time  during  the  last 
three  or  four  years  to  this  question,  but  I  have  been  interested  in 
doing  a  little  dreaming  about  what  would  happen  to  some  of  the 
manufacturers  of  machinery  in  the  line  of  engines,  boilers,  etc., 
and  other  heavy  machinery,  who  wanted  to  go  into  the  business 
of  manufacturing  electrical  apparatus,  not  having  had  any  pre- 
vious experience  in  that  line.  There  is  one  concern  in  particular 
which  I  have  in  mind.  I  told  some  friends  about  two  years  ago, 
when  they  were  going  to  start  in  that  line,  that  I  would  give  them 
just  about  two  years  to  wind  up  all  the  money  which  they  had 
invested  and  some  more,  besides,  if  they  did  not  look  out  very 
carefully  to  see  that  they  did  not  apply  to  the  cost  of  manufactur- 
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\Dg  electrical  apparatus  the  same  percentage  of  shop  cost  which 
they  had  applied  in  engines  and  in  the  hcATj  machinerr  which 
they  were  makiog.  In  about  two  years  they  reorganized  and 
tried  to  get  a  million  dollars  more  capital.  They  are  now,  I  be- 
lieye,  mannfactoring  electrical  apparatus  of  Tery  fine  quality,  but 
they  are  still  selling  xery  much  below  other  parties  dealing  in  the 
same  line  of  goodsL  But  they  haye  discovered  evidently  thut  they 
cannot  apply  the  same  shop  cost  useil  in  manufacturing  steam 
engines  and  heavy  machinery  to  electrical  manufacturing. 

J/r.  James  Hariness. — ^This  paper,  presenting  as  it  does  the 
kemeVof  a  voluminous  correspondence,  reduces  to  a  few  pages,  by 
a  band  that  has  long  been  recognized  as  one  of  Americans  ablest 
machine-sbop  managers,  a  matter  of  inestimable  value, 

I  know  of  many  who  have  travelled  long  distances  to  hear  the 
discussion  in  and  out  of  the  meeting. 

I  wish  to  suggest  one  form  of  Mr.  Lane's  plan  which  seems  to 
me  most  applicable  to  machine  shops  which  build  engines,  or  ma- 
chine tools  in  mediam  sizes.  Let  the  plant  charge  cover  only  the 
interest  and  depreciation  on  the  machine  tool  used,  and  all  the 
rest  excepting  selling  expense  go  into  the  burden.  The  burden 
should  also  include  depreciation  on  idle  machinery  and  interest 
on  all  capital  excepting  that  invested  in  active  machinery. 

The  interest  can  vary  from  3  per  cent,  upward,  according  to 
the  risk  of  capital  invested,  and  the  depreciation  from  5  to  50  per 
cent.,  according  to  the  progress  made  by  bnilders  of  more  efficient 
machines. 

Mr.  Oherlin  Smith, — It  may  be  of  interest  for  me  to  relate 
briefly  a  little  experience  in  the  way  of  getting  at  an  expense 
account.  We  long  ago,  in  the  concern  with  which  I  am  iden- 
tified, gave  up  the  idea  of  adding  a  percentage  of  total  cost 
to  labor  and  material,  as  some  do,  but  always  practised  adding 
a  fixed  rate  per  hour  of  labor,  no  matter  what  priced  labor 
it  was,  as  others  do.  We  simply  take  the  total  running  ex- 
pense, including  6  per  cent,  interest  on  total  plant  valuation, 
taxes,  insurance,  bad  debts,  advertising,  travelling,  salaries  of 
non-prod ncers,  general  depreciation,  repairs,  office  expenses,  fuel, 
oil,  lighting,  heating,  etc.,  and  make  one  expense  account  of  the 
whole.  This,  divided  by  the  total  number  of  hours  made  in  a 
year  by  all  the  producers,  gives  an  expense  rate  per  hour,  which 
is  added  to  each  producing  man*s  or  boy's  labor.  It  has  usually 
proved  to  be  20  to  25  cents  an  hour  in  a  shop  having  from  75 
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to  150  hands,  but  to  make  a  safe  rate  we  have  been  in  the  habit 
of  calling  it  25  cents  an  hour.  The  theoretical  way  is  to  take 
the  last  year's  expense  rate,  as  proved  by  statistics  in  the  books, 
and  use  that  for  the  following  year.  If  it  is  a  man  earning  45 
cents  an  hour,  adding  the  25  cents  would  bring  it  up  to  70,  elc. ; 
but  the  average  labor  in  ordinary  machine  shoi^s  is  perhaps  about 
20  cents  an  hour.  Adding  to  this  25  cents,  brings  it  to  45.  It 
may  therefore  be  said  that,  including  commercial  expenses  (where 
they  are  not  excessive  or  remarkable  in  any  way),  the  cost  for 
each  man,  with  the  tools  he  uses,  is  about  45  cents  an  hour.  Hence 
if  we  add  pbout  10  per  cent,  profit,  we  get  the  traditional  50  cents 
an  hour  which  the  machinist  is  supposed  to  charge,  and  which 
customers,  of  course,  growl  at  as  a  tremendous  sum. 

Mr,  (7.  W.  Hunt — I  wish  to  call  attention  to  the  defect  in  some 
systems  of  cost  accounts  which  are  now  in  use.  Since  1890  I 
have  paid  greater  attention  to  our  cost  accoimts,  at  first  using  the 
ordinary  method  of  adding  a  percentage  to  the  cost  of  labor  to 
cover  the  expenses  of  the  shop.  One  of  the  early  defects  I  dis- 
covered in  the  system  was  that  we  were  not  putting  any  percent- 
age whatever  on  the  raw  material.  This  soon  proved  to  be  a 
serious  defect,  as  our  business  is  such  that  we  frequently  had 
orders  for  material  which  we  purchased,  and  on  which  no  work 
was  done.  This  discovery  resulted  in  modifying  our  accounts  and 
adding  to  the  purchase  cost  of  the  articles  an  amount  which  we 
estimated  would  cover  the  expense  caused  by  them,  such  as 
receiving  and  storing  them,  issuing  orders,  and  shipping  them 
when  sold,  and  interest  during  the  time  we  hold  them,  so  that  if 
our  business  should  gradually  change  from  a  manufacturing 
business  to  the  supply  of  these  articles  on  which  we  do  no  work, 
we  would  still  be  selling  at  a  price  which  would  pay  the  expenses 
of  the  establishment.  We  tried  so  to  subdivide  our  total  expense 
account  that  we  could  apportion  to  the  materials  the  expense 
caused  by  their  receipt,  handling,  and  delivery,  and  the  remainder 
to  ordinary  machine  work,  so  that  every  division  of  our  business 
will  pay  the  expense  which  that  part  of  the  business  costs. 

I  would  be  glad  to  furnish  to  any  one  who  cares  to  look  into 
the  subject  any  information  in  my  power  as  to  our  general 
method  of  cost  accounts,  and  to  furnish  the  forms  which  we  have 
adopted. 

Mr,  Harry  C,  Francis, — I  want  to  say  one  word  on  this  sub- 
ject,    I  represented  for  many  ycrvrs  a  well-known  machine  tool 
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firm,  and  in  their  interest  visited  the  leading  manufacturing  con- 
cerns throughout  the  world.  Among  other  things,  I  was  required 
to  report  upon  the  manufacturing  cost,  so  far  as  it  was  possible 
to  ascertain  it. 

When  I  engaged  in  business  for  myself,  profiting  by  my  expe- 
rience, I  simplified  the  cost  question,  and  followed  substantially 
what  Mr.  Hunt  has  just  stated  they  have  adopted. 

First — A  percentage  was  added  to  all  purchases. 

Second — An  average  rate  was  fixed  for  all  labor  of  fitters  and 
assistants. 

Third — An  average  rate  was  made  for  all  machining. 

The  total  of  these  three  represented  factory  cost,  to  which  we 
added  percentage  for  general  expense  and  profit.  This  made  our 
price. 

With  regard  to  the  fact  whether  the  articles  would  sell  for  this 
price,  we  were  forced  to  do  as  has  been  stated  in  one  of  the  papers 
read:  "  Let  the  other  fellow  fix  the  prices,"  and  we  came  as  near 
to  them  as  we  could.  The  fact  remains  that,  following  this 
simple,  inexpensive,  and  accurate  system  of  determining  the  cost* 
"  we  have  lived  and  prospered." 

Mr.  Henry  L.  Oantt. — Mr.  Hartness  has  brought  up  one  very 
interesting  question — namely,  if  you  run  a  tool  for  only  a  few  hours 
in  the  week,  what  are  you  going  to  charge  for  it?  It  is  a  little 
difficult  to  figure  exactly  what  the  price  of  the  tool  should  be  if 
you  run  it  for  only  a  small  proportion  of  the  time.  It  has  been 
decided  in  several  cases  by  taking  the  previous  year's  run,  and 
figuring  the  expense  of  running  the  tool  for  the  whole  year,  and 
then  dividing  it  by  the  number  of  hours  it  ran,  and  fixing  that  as 
the  rate  per  hour  for  next  year.  This  is  probably  as  accurate  as 
any  other  method. 

Mr.  Oherlin  Smith. — The  tool  might  be  running  only  one-tenth 
of  the  time.  It  would  be  occupying  shop  room.  The  shaft  over- 
head would  be  running,  grinding  its  energy  into  friction,  and  the 
tool  would  have  to  be  looked  after  somewhat,  and,  too,  it  would 
be  becoming  obsolete.  Such  a  tool  costs  a  good  deal  more  than 
one-tenth  as  much  as  a  tool  that  is  running  a  whole  year.  .In  the 
long  run,  I  think,  it  is  better  to  average  things  up  all  round  and 
take  one  uniform  rate,  thus 'having  t1)e  accounts  as  simple  as 
possible. 

Mr.  H.  n.  Suplee. — This  question  brings  to  my  mind  the  fact 
that  sometimes  you  can  elaborate  your  cost  account  system  so 
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mucli  that  its  own  cost  becomes  material,  and  that  the  expense 
of  keeping  these  accounts  is  sometimes  more  than  they  are  worth. 
There  is  one  establishment  of  which  I  have  heard  where  it  is 
said  they  can  tell  you  exactly  what  it  costs  for  a  man  to  go  from 
a  lathe  to  the  grindstone  and  sharpen  a  tool ;  but  the  information 
costs  more  than  the  price  of  the  tool.  I  think  you  must  look  out 
not  to  get  into  that  error. 

Mr,  Gu8,  C.  Hennifig. — I  know  of  a  case  where  the  contract  was 
let  to  five  men,  and  the  rate  was  one-eighth  of  a  cent  a  man.  The 
total  value  of  the  contract  was  five-eighths  of  a  cent.  That  could 
not  be  carried  on  the  books,  so  it  was  raised  to  one  cent,  and  the 
contract  was  never  turned  in.  I  have  it,  and  am  going  to  furnish 
it  to  the  Society.  It  is  a  well-known  fact  that  in  that  establish- 
ment the  cost  of  making  out  a  contract  ticket  is  probably  five 
cents  before  it  gets  through  the  books  and  is  accounted  for  at  the 
end  of  the  year.  Therefore  there  is  a  net  loss  on  that  contract  of 
four  and  three-eighths  cents.     The  work  was  done,  however. 

TTie  President, — ^I  will  quote  what  I  heard  one  clear-headed 
manufacturer  say  on  this  matter  of  figuring  the  expense  account, 
which  is  always  a  difficult  one,  for  many  a  manufacturer  thinks 
he  is  making  money,  while  at  the  same  time  his  bank  account  is 
being  depleted,  and  in  a  short  time  bankruptcy  stares  him  in  the 
face.  The  manufacturer  of  whom  I  speak  expressed  it  by  saying 
he  would  "  charge  to  the  expense  account  everything  for  which 
he  could  not  send  a  bill."  Suppose  a  man  came  into  your  shop 
to  get  an  hour's  work  done,  if  you  figured  by  Mr.  Smith's  method 
there  might  be  many  things  left  out  of  the  account,  and  the 
amount  charged  might  be  less  than  it  really  cost ;  but  if  you 
charge  to  your  expense  account  all  you  cannot  send  a  bill  for,  and 
add  this  to  the  time  charged  to  the  work,  together  with  the  stock 
and  a  fair  margin  for  profit,  you  may — ^if  you  judiciously  continue 
business  on  this  basis — ^be  able  to  take  your  family  on  occasional 
trips  to  Europe. 

Let  us  for  a  moment*  see  what,  by  this  rule,  must  be  charged 
to  the  expense  account.  First,  all  of  the  office  salaries  and 
expenses,  to  which  you  may  add  salaries  of  travelling  men  and  all 
travelling  expenses ;  next,  go  in  the  shop  and  charge  salaries  of 
superintendent,  mechanical  engineer,  foreman,  storekeeper,  engi- 
neer, casting  cleaners,  helpers,  and  sweepers ;  to  this  long  list  we 
must  add  all  supplies  which  are  used  up  or  consumed  in  the  pro- 
cess of  manufacture,  such  as  coal,  oil,  waste,  files,  brooms,  etc., 
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not  forgetting  interest  on  investment,  depreciation  of  plant,  insur- 
ance, taxes,  etc.  The  snm  of  all  these  items,  kept  for  a  year, 
make  a  total  which,  divided  by  the  number  of  hours  of  actual 
producers^  lahor^  gives  the  shop  expenses  per  hour.  This  sum, 
added  to  average  cost  of  producers'  labor  per  hour,  gives,  as  is 
evident,  the  cost  per  hour  to  the  manufacturer. 

I  am  confident,  gentlemen,  that  any  of  you  who  have  not  kept 
accurate  account  of  these  items  for  a  year  will,  on  trying  it,  be 
surprised  to  see  how  much  there  is  for  whicli  you  cannot  directly 
send  a  bill,  all  of  which  must  be  provided  for  in  order  to  insure 
success. 

Mr.  Suplee, — I  think  you  strike  a  most  important  problem,  Mr. 
President.  As  a  matter  of  fact,  the  real  trouble  with  society  at 
the  present  time  is  that  the  producers  are  carrying  on  their  shoul- 
ders all  the  work  for  which  we  can  send  no  bill,  bearing  all  the 
expense  of  the  non-producei*s,  and  that  accounts  for  the  disor- 
ganized social  conditions  all  over  the  world — standing  armies  and 
the  like. 

Mr,  KenL — One  of  the  rules  for  charges  for  any  manufactured 
product  is  the  rule  of  the  railroads — charge  all  the  traffic  will 
bear. 

Mr.  Oberlin  Smith. — The  rate  I  spoke  of,  25  cents  an  hour,  the 
labor  averaging  about  20  cents,  is  pretty  safe  to  run  with  under 
ordinary  conditions.  The  matter  the  President  mentioned  about 
the  items  that  you  cannot  send  a  bill  for — they  all  come  in  that 
25  cents  an  hour  and  are  thoroughly  covered  by  it.  There  is 
another  thing  which  we  ought  to  remember :  It  is  not  everything 
we  send  a  bill  for  that  we  get  money  for.  That  is  one  of  the  reasons 
why,  sometimes,  these  accurately  kept  accounts  do  not  agree  with 
the  real  statistics  of  the  business.  There  are  a  great  many  things 
which  have  got  to  be  put  in  an  expense  account,  consisting  of  not 
only  bad  debts,  which  I  have  already  included,  but  some  appar- 
ently good  debts  with  depreciated  faces — where  things  come  back 
to  be  repaired,  or  are  remodelled  for  some  reason,  or  are  subjected 
to  an  afterward  claimed  discount,  etc.  These  things  depreciate 
the  amount  which  one  thinks  one  is  getting. 

Mr.  Kent. — I  wish  to  take  issue  with  the  statement  that  the 
selling  price  is  the  average  cost.  In  the  case  of  an  article  made 
by  three  manufacturers,  costing  them  respectively  50,  75,  and  100 
cents,  in  dull  times  the  average  selling  price  will  be  about  95 
cents.     If  one  man  makes  it  at  a  cost  of  a  dollar,  he  will  sell  it  at 
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.246  without  cousidering  the  moisture  in  the  air.  The  latter 
will  bring  the  specific  heat  up  a  little,  so  that  when  calculating 
as  dry  gas  I  use  .24  and  as  moist  gas  .25.  These  figures  are 
accurate  enough  for  any  ordinary  work,  and  the  exact  computa- 
tion of  the  specific  heat  is  laborious  and  uncertain. 

The  consideration  of  the  H,0  in  the  air  is  a  refinement  I  do  not 
go  into,  since  it  involves  the  loss  of  only  a  small  amount  of 
sensible  heat,  hardly  more  than  our  uncertainty  as  to  the  true 
specific  heat  of  the  gases. 

Heed  Balance  Computation,  (When  based  on  combustible,  then 
for  coal  read  combustible.) 

To  give  percentages  multiply  by  100. 

Useful  heat  in  steam 
_  evaporation  from  and  at  212  degrees  per  pound  of  coal  by  966 
B.  T.  U.  per  pound  of  coal. 

Sensible  heat  in  waste  gas  above  outside  temperature  = 
pounds  gas  per  pound  coal  by  specific  heat  by  (flue  temperature 
—  less  external  temperature)  -5-  B.  T.  U.  per  pound  coal. 

Latent  heat  in  H,0 
_  pounds  H,0  per  pound  coal  from  H  and  H,0  in  fuel  by  966 
B.  T.  U.  per  pound  of  coal. 

Incomplete  combustion  =_-^^-^°^^_  by  per  cent 

carbon  in  coal  by  10,048  -r-  B.  T.  TJ.  per  pound  coal. 

^   ,.  ..                          B.  T.  U.  of  radiation  per  hour 
Radiation  =^ 


pounds  coal  per  hour  by  B.  T.  U.  per  pound  coal 
combustible  in  ashpit  (coke) 

per  cent,  combustible  in  ashpit  to  total  coal  by  14,500 
~"  B.  T.  U.  per  pound  coaL 

Balance  to  make  100  per  cent. 

Smoke,  hydrocarbons,  and  error. 

It  is  not  essential  to  have  an  analysis  of  the  coal  in  order  to 
make  use  of  the  gas  analyses.  Knowing  the  class  of  coal,  as 
anthracite,  semi-bituminous,  bituminous,  etc.,  the  per  cent,  of 
carbon  in  the  coiiiJutHtMe  may  be  taken  from  the  text  books 
with  an  error  of  not  over  3  per  ceni  of  itself.  This  will  give 
the  pounds  gas  per  pound  combustible  with  a  similar  accuracy 
— Le,^  3  per  cent,  of  itself — making  the  loss  by  sensible  heat 
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DCCXL.* 

FLVE   GAS  ANALYSES  IN  BOILER    TESTS. 

Br  R.  fl.   UALK«  BOSTON. 

(Aseociate  MeiAber  of  the  Society.) 

I  DO  not  lay  any  claim  to  being  a  chemist,  but,  as  I  have  had 
some  experience  in  the  application  of  gas  analysis  to  boiler 
testing,  I  have  thought  a  description  of  a  few  of  the  devices  and 
methods  which  have  been  found  useful  might  be  of  value  to  the 
Society. 

The  importance  of  gas  analysis  in  pointing  out  the  reasons  for 
good  and  bad  performances  in  boiler  testing  is  so  well  known 
that  a  description  of  methods  which  simplify  the  process  of 
obtaining  the  analyses  needs  no  apology. 

The  illustrative  tests  given  in  the  appendix,  two  of  which 
were  made  by  Mr.  Barrus,  also  contain  information  which  I 
think  is  of  value. 

I  am  indebted  to  Mr.  Barrus,  to  Professor  Schwamb  and 
Dr.  Gill  for  many  of  the  methods  and  devices  described. 

Plaoe  for  Collection  of  Oases. 

The  most  essential  point  is  to  collect  the  sample  at  the  same 
place  in  the  flue  where  the  temperature  of  the  <gases  is  meas- 
ured; and  it  is,  of  course,  very  desirable  both  to  collect  the 
gases  and  to  take  their  temperature  as  soon  after  they  leave  the 
boiler  as  is  possible,  in  order  to  avoid  leakage  of  air  and  cooling 
by  radiation. 

In  order  to  get  a  fair  sample  we  must  consider  variations  of 
composition  at  different  points  in  the  flue  (local  variations), 
and  also  at  different  times. 

The  local  variations  are  not  often  caused  by  the  difference  of 
composition  of  the  gases  from  different  parts  of  the  fire,  since 
the  gases  are  pretty  well  mixed  by  the  time  they  have  passed 

*  Presented  at  the  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Mecbanical  En^^ineers,  and  forming  part  of  Volume  XVIII.  of  the  I'ransacHons. 
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through  the  boiler.  Instead,  the  variation  in  quality  at  differ- 
ent points  of  the  flue  generally  arises  from  air  leak^e  through 
the  boiler  setting  or  into  the  flue. 

Hence,  with  many  tubular  boilers,  vertical  or  horizontal, 
especially  if  provided  with  a  tight  iron  flue,  the  gases  may  be 
collected  at  almost  any  point  beyond  the  bridge ;  while  with  a 
water-tube  boiler  with  brick  settings  considerable  discretion 
must  be  exercised. 

Having  determined  on  the  place  of  collection  for  any  particu- 
lar test,  we  may  next  consider 

The  Collection  Pipe  Inside  the  Five. 

This  may  be  iron,  unless  the  gases  are  hotter  than  700  degrees 
Fahr.  If  they  get  hotter  than  that  the  iron  affects  the  percent- 
age of  carbonic  oxide,  and  either  a  porcelain,  glass  or  platinum 
tube  should  be  used,  or  a  water-jacketed  tube.  The  porcelain 
and  glass  are  fragile,  and  the  platinum  expensive.  I  have  used, 
when  collecting  gases  just  above  the  fire,  a  wat^r-jacketed  tube, 
brought  to  my  notice  by  Dr.  A.  H.  Gill,  of  the  Massachusetts 
Institute  of  Technology.  This,  however,  involves  a  current  of 
water. 

The  collection  of  samples  of  gases  above  the  fire,  or  at  the 
bridge  wall,  in  addition  to  the  samples  collected  in  the  fine, 
gives  important  information  r.s  to  the  air  leakage  through  the 
boiler  settings,  and  is  now  common  in  European  tests.  It  has 
also  been  done  for  some  years  in  the  boiler  tests  at  the  Massa- 
chusetts Institute  of  Technology. 

If  «.n  iron  tube  is  used,  it  is  well  to  drill  it  full  of  small  holes, 
not  larger  than  J-inch,  but  this  is  not  necessary.  Care  must  be 
taken  when  inserting  it  through  the  flue  walls  not  to  allow  any 
air  leakage  at  the  point  of  insertion.  A  convenient  method,  if 
the  flue  be  iron,  is  to  drill  and  tap  a  J-inch  hole  in  the  flue. 
Then  take  a  :l-inch  pipe,  cut  a  long  thread  on  it,  and  screw  it 
through  a  .J -inch  by  i-inch  reducing  coupling,  and  screw  the 
latter  on  to  a  .J-inch  short  nipple.  The  collecting  pipe  may 
now  be  connected  to  the  J-inch  pipe,  and  the  whole  inserted 
into  the  flue  and  screwed  into  the  4-inch  hole  (see  Fig.  290). 

The  4 -inch  pipe  outside  the  flue  is  now  connected  to  a  metal 
pipe  leading  to  a  convenient  place  for  the  analysis,  ^-inch  iron 
pipe  may  be  used,  but  I  generally  prefer  to  carry  around  some 
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:l-inch  lead  or  tin  pipe,  and  to  use  that,  as  it  is  more  convenient 
and  the  joints  are  safer.  Lead  pipe  is  the  cheapest  and  easiest 
to  handle,  but  it  is  rather  heavy.  Tin  pipe,  which  costs  rather 
more,  is  much  lighter.  I  have  used  a  small  amount  of  it  with 
success,  and  shall  probably  try  it  when  the  lead  pipe  needs 
renewing.  Kubber  pipe  acts 
on  the  gases,  and  should  not 
be  used  if  lead  or  tin  is  avail- 
able, but  the  joints  between 
the  iron  and  lead  pipQ,  or  be- 
tween two  pieces  of  lead  pipe, 
may  be  made  with  ^-inch  rub- 
ber tubing.  Such  joints  should 
be  as  short  as  possible,  and 
the  rubber  should  be  wired 
The  pipes   are   led   to   a 


on 


Fig.  290. 


Fig.  291.— Orsat's  Gas  Apparatus. 


convenient  place  for  the  gas  apparatus,  which  must  not  be 
exposed  to  quick  changes  of  temperature.  Hence  the  place 
must  not  be  exposed  to  draughts,  or  to  the  radiation  from  the 
fire  when  the  fire  door  is  opened,  otherwise  almost  anywhere 
around  the  boiler-room  will  do.  It  is  convenient  to  have  a  table 
or  box  about  four  feet  high  on  which  to  set  the  apparatus.  A 
box  on  top  of  two  barrels  is  often  used. 


Apparatv^, 

The  Orsat  apparatus  is  generally  considered  the  best  (Fig. 
291).  This  is  bought  from  any  dealer  in  chemical  supplies.  It 
is  composed  of  a  measuring  burette  B  graduated  to  100  cubic 
centimetres,  of  three  or  four  pipettes  P  filled  with  reagents 
for  absorbing  the  gases,  and  of  a  levelling  bottle  A  filled  with 
water  for  drawing  the  gases  back  and  forth  between  the  burette 
and  pipette. 
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a  time  average ;  that  is,  we  average  the  readings  each  half  hour 
or  each  hour,  or  as  often  as  we  collect  samplea  Let  us  suppose 
that  the  percentage  of  carbonic  oxide  is  1 2  per  cent,  for  half 
an  hour  and  8  per  cent,  the  next  half  hour ;  then  the  time  aver- 
age is  10  per  cent.  But  if  there  were  two  tons  of  gas  the  first  half 
hour,  and  only  one  ton  the  second,  then  the  true  average  is  not 

10  per  cent,  but « =  10|  per  cent. 

An  experiment,  the  results  of  which  are  given  graphically  in 
Fig.  296,  shows  that  the  highest  per  cent,  of  carbonic  dioxide 
comes  when  the  actual  amount  of  air  as  shown  by  an  anemome- 
ter is  least,  so  that  the  time  average  of  the  carbonic  dioxide  is 
slightly  higher  than  the  truth,  but  probably  not  over  i  per  cent. 
For  the  same  reason  the  time  average  percentage  of  carbonic 
oxide  is  very  likely  a  little  higher  than  the  true  average,  which 
would  tend  to  make  the  errors  balance.  In  any  case,  it  does  not 
appear  that  the  errors  of  this  nature  are  over  1  per  cent,  or  2 
per  cent  of  the  heat  in  the  coal.  The  other  errors  are  chiefly  of 
an  accidental  nature,  so  that  though  single  boiler  tests  may  vary, 
yet  if  we  have  enough  tests  to  free  the  average  from  accidental 
variations,  then  the  percentage  unaccounted  for  should  give  an 
idea  of  the  loss  by  smoke  and  hydrocarbons. 

Summary. 

Gas  analysis  can  be  carried  on  as  a  part  of  boiler  testing.  It 
will  account  for  all  but  a  few  per  cent,  of  the  heat  It  will  fur- 
nish an  explanation  of  uneconomical  performances.  It  will 
furnish  a  check  on  markedly  erroneous  performances  (as,  for 
instance,  if  the  evaporation  be  reported  as  very  high,  the  gas 
analysis  will  show  whether  this  was  due  to  making  the  chimney 
and  other  losses  small,  or  to  an  error),  and,  finally,  since  the 
gas  analysis  shows  the  owner  of  the  boiler  w/iere  his  losses  are, 
the  gas  analysis  is  a  more  important  part  of  the  boiler  test  than 
the  analyses  of  the  coal  or  the  determination  of  its  calorific 
power,  which  only  shows  how  much  his  losses  are. 

Appendix  I, 

1  have  put  in  Figs.  294,  295,  and  296  to  illustrate  certain  points 
as  they  come  up,  but  also  because  they  disagree  with  a  frequently 
stated  theory.  These  figures  give  the  temperature  of  the  gases 
as   measured  just  above  the  fire  by  a  LeChatelier  pyrometer. 
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must  be  prepared  previous  to  the  test,  as  the  others  can  be  car- 
ried around  in  the  solid  form  and  made  up  in  the  boiler-room. 

For  more  complete  directions  as  to  preparation  of  reagents, 
etc.,  see  Gill  on  "  Fuel  and  Ghw  Analysis "  for  engineers,  pub- 
lished by  John  Wiley  &  Sons,  or  any  good  book  on  gas  analyses. 
When  prepared  as  directed,  the  caustic  potash  pipettef ul  may  be 
used  to  absorb  4,000  cubic  centimetres  of  carbonic  dioxide, 
the  pyrogallol  to  absorb  200  cubic  centimetres  of  oxygen,  and 
the  cuprous  chloride  to  absorb  80  cubic  centimetres  of  carbonic 
oxide.  When  the  solutions  have  been  used  to  this  extent  they 
should  be  renewed.  With  a  little  experience  the  reagents  can 
be  prepared  by  measure  with  sufficient  accuracy,  so  that  it  is  not 
necessary  to  carry  around  weighing  scales. 

Collection  of  Samples  of  Gas. 

The  simplest  method  of  collection  is  as  follows  : 

Connect  the  lead  pipe  from  the  flue  to  c?  on  the  Orsat.  If 
there  is  no  second  connection  on  the  Orsat  make  one  on  the  pipe 
by  putting  on  a  tee  close  to  the  Orsat.  (Lead  and  glass  tees  can 
be  bought  of  any  chemical  dealer,  or  the  former  made  by  any 
plumber.)  Now  open  the  second  connection  and  lift  A  until  the 
burette  B  is  filled  with  water.  Open  the  pipe  to  the  flue,  close 
the  second  connection,  lower  Ay  and  gas  will  flow  through  d  into 
the  burette.  This,  however,  may  be  mixed  with  air  from  the 
connecting  pipes  ;  throw  it  away  by  closing  the  pipes  to  the  flue, 
opening  the  second  connection,  and  raising  A.  Now  draw  fur- 
ther samples  and  repeat  until  the  air  has  been  exhausted  from 
the  connecting  pipes,  which  can  be  determined  by  figuring  thefr 
volume  as  compared  with  that  of  the  burette  B.  This  method 
of  collecting  a  sample  is,  of  course,  very  slow  and  laborious,  if 
the  pipes  be  at  all  large  or  long. 

By  using  a  small  suction  bag  or  suction  pump  the  lead  pipe 
can  be  freed  from  air,  instead  of  by  drawing  and  throwing  away 
samples. 

By  using  an  aspirator  the  sample  may  be  collected  much 
more  quickly.  A  water  aspirator  may  be  bought  at  any  chemi- 
cal apparatus  store  for  a  dollar  or  two.  A  steam  aspirator  may 
be  made  out  of  pipe  fittings,  from  a  1-inch  nipple  3  inches  long, 
a  1-inch  tee  with  ^-inch  outlet,  a  1-inch  by  i-inch  bushing,  and  a 
i-inch  pipe  with  a  thread  cut  3  to  4  inches  of  its  length.     (See 
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Fig.  292.)  It  is  essential  that  the  steam  from  the  aspirator  be 
discharged  into  the  open  air  and  not  through  any  pipe.  Even 
three  feet  of  discharge  pipe  may  make  enough  back  pressure  so 
that  it  will  not  draw.  By  means  of  an  aspirator  the  gas  is  kept 
flowing  through  the  connecting  pipe,  and  is  drawn  off  at  a  tee 
into  the  Orsat  as  described  above,  except  now  that  it  is  not  neces- 
sary to  throw  away  more  than  one  burette  full  of  gas,  before  a 
good  sample  is  obtained  in  the  Orsat. 

Although  by  either  of  the  means  above  described  it  is  easy  to 
obtain  a  correct  sample,  yet  this  sample  only  represents  what 
was  going  on  during  the  ten  seconds  or  so  occupied  in  drawing 
it.  For  some  purposes,  to  be  sure,  we  want  to  know  the  com- 
position of  the  gases  at  any  given  instant,  but  more  frequently 
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we  want  to  get  the  average  for  a  definite  time— say,  half  an  hour 
or  eight  hours. 

The  composition  of  the  gases  fluctuates  so  quickly  between 
the  firings  that  it  is  necessary,  if  the  gas  be  collected  in  samples 
whose  time  of  drawing  is  short,  to  have  fifteen  to  twenty  samples 
in  order  to  get  a  fair  average,  and  even  then  the  times  of  draw- 
ing may  happen  to  come  at  some  regular  interval  between  the 
firings,  in  which  case  the  result  is  much  in  error.  The  better 
way  is  to  collect  continuous  average  samples  every  half  hour  or 
hour ;  and  although  this  method  involves  errors  of  its  own,  I 
have  found  it  far  more  satisfactory  than  instantaneous  samples. 

Continuous  samples  are  obtained  in  a  collecting  bottle  as  fol- 
lows :  (Fig.  293.)  The  aspirator  keeps  the  gas  continuously  flow- 
ing through  the  pipe,  as  shown  by  the  arrow.  The  bottle  is  first 
filled  completely  with  water,  even  to  the  tee  joint  at  a.  This  is 
easily  done  by  placing  the  end  of  the  rubber  tube  bb  in  a  dipper 
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of  water  and  elevating  it,  first,  of  coarse,  starting  the  siphon. 
After  filling  the  bottle  and  pipe  completely  the  water  is  allowed 
to  flow  out  of  hb  drop  by  drop  into  a  dish  or  pail.  As  each 
drop  of  water  flows  out  at  &6  a  drop  of  gas  flows  into  the  bottle 
at  a.  The  flow  of  water  is  adjusted  by  a  screw  cock  on  the 
rubber  pipe  so  as  to  get  an  average  sample  for  thirty  minutes, 
for  an  hour,  five  hours,  or  any  time  desired.  The  quart  size  is 
the  most  convenient  for  collecting  bottles.     Bottles  with  one 
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outlet  near  the  bottom  are  sometimes  used,  but  I  consider  the 
use  of  a  long  and  short  tube  passed  through  a  rubber  cork  to  be 
better.     (See  Fig.  293.) 

When  the  sample  is  collected  the  pinchcock  is  closed  at  rf,  the 
bottle  is  disconnected,  connected  to  the  Orsat,  and  a  sample  is 
drawn  in  for  analysis  as  described  above. 

Figs.  294,  295,  and  296  show  the  way  in  which  the  carbonic 
dioxide  varies  from  time  to  time  in  tests  on  different  coals,  and 
indicate  the  need  of  using  the  method  of  continuous  samples. 
Although  by  taking,  say,  twenty  instantaneous  samples  at  half- 
hour  intervals  we  might  get  a  fair  average  for  the  whole  test, 
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TABLE  in. 
Tests  1  and  2. 
Almy  Water  Tube, 
Flue  Qas.  Per  cent,  hj  volume. 

October  80.  October  31. 

CO, : 11. »  13.1 

CO , 6.2  0.» 

O, 3.1  4.8 

N,  (by  difference) 78 . 8         81 . 1 

Combustible  Analyne, 

s ^ ^ 

C 87.0 

H 4.7 

N  (asfiuraed) 2.4 

S  (nssamed) ....   .8 

O  (difference) 6.1 

100.0 
B.  T.  U.  per  pound  combustible  : 

14,650  C  +  63,200  ('h  -  |)  +  4,000  S 
A— «^ =  15,303. 

Coal  AnalyiU  as  Fired. 

Moi  Bt  u  re 1.8  2.4 

Earthy  matter 5.1  5.1 

Combustible 93.6  92.6 


100.0  100.0 

B.  T.  U.  per  pound  of  coal  as  fired 14,326  14,158 

Refuse not  analyzed. 

Combuetible  lu  refuse— p.  c.  of  total  coal 

Eartliy  matter  in  cUimney 

Pounds  dry  gas  per  pound  carbon 16.7  17.95 

Pounds  dry  gas  per  pound  combustible 14.59  15.62 

HsO  in  gas  from  H  iu  coal 40  .40 

••     *•    **      "  H,0  "    •*    01  .02 

Total  gas  per  pound  combustible .^ 15.00  16.04 

Air  per  pound  combustible. 14.00  15.04 

p.  c.  p.  c. 

Dr.  Heat  balance  based  on  combustible 100.00  100.00 

Cr.   Steam 57.9  74.1 

Sensible  heat  in  waste  gases  above  temperature 

of  external  air 11.4  11.8 

Latent  heat  of  IlaO  in  gases 2.6  2.6 

Incomplete  combustion  to  CO 19.6  3.7 

Bad iation 1.7  2.4 

Carbon  and  hydrocarbons  in  smoke,  unaccounted 

for  and  error. 6.8  5.4 


^-n ry-r 

-J  JL     i,|_:^ 


•:-.■   •-t-i-. 


'ixd  ■  l"i  ij  r 

JT?..         1.1.1.. 
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yet  the  method  of  continuous  samples  has  another  advantage — 
that  it  tells  us  at  once  during  the  first  hour  of  the  test  whether 
the  firing  is  what  it  should  be,  while  we  cannot  be  sure  that  the 
instantaneous  samples  represent  anything  except  the  exact  in- 
stant when  they  are  drawn  until  the  test  is  partly  completed. 

Duration  of  Time  in  CoUeding  Sampler. 

If  one  man  takes  all  the  ordinary  observations  of  the  test  he 
will  not  have  much  time  for  gas  analysis.  In  such  cases  he  will 
use  the  collecting  bottles  and  take  as  many  samples  as  he  can. 
If  possible,  however,  an  assistant  should  be  assigned  to  the  gas 
analysis  and  given  two  Orsats  and  two  collecting  bottles.  He 
should  then  have  no  difficulty  in  drawing  and  analyzing  two 
samples  per  hour,  each  sample  being  drawn  so  as  to  be  the 
average  for  a  half-hour.  With  one  Orsat  he  cannot  count  on 
much  better  than  one  sample  per  hour,  unless  unusually  skil- 
ful. It  is  possible  to  carry  on  two,  or  even  three,  analyses  at 
once  in  the  Orsat,  but  this  should  not  be  attempted  without 
considerable  experience. 

Fluid  Used. 

I  have  spoken  of  water  as  the  fluid  over  which  the  gases  are 
collected.  On  the  whole,  it  is  most  convenient,  but  it  absorbs 
carbonic  dioxide  and  carbonic  oxide,  and  it  gives  up  oxygen, 
causing  errors  in  the  analyses. 

If,  however,  some  water  is  first  saturated  with  gas,  by  letting 
flue  gas  bubble  through  for  an  hour  or  so  either  on  the  day 
before  the  tests  or  for  the  first  hour  of  the  test,  and  then  the 
same  water  is  used  throughout  for  collecting  half  hourly  or 
hourly  samples,  which  are  analyzed  at  once,  the  error  of  the 
average  is  negligible,  entirely  so  in  the  carbonic  oxide,  and  not 
over  fV  P^r  cent,  in  the  oxygen  and  carbonic  dioxide.  If  the 
water  is  not  saturated,  or  if  the  gases  stand  over  it  even  two  or 
three  hours  during  and  after  collection,  the  error  may  be  several 
per  cent.  Hence  the  sample  should  be  analyzed  as  soon  after 
collection  as  possible.  If  the  intention  is  to  keep  the  samples 
any  length  of  time  before  analyzing  they  should  be  collected 
over  mercury. 

Brine  does  not  absorb  so  much  carbonic  dioxide  as  the  water, 
but  the  salt  is  apt  to  crystallize  out  and  stop  up  the  tubes.     This 
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The  grade  to  use  is  No.  2,  the  ordinary,  vhite,  caustic  potash. 

I  think  most  engineers  will  find  it  more  conyenient  to  use  red 
phosphorus  for  the  determination  of  the  oxygen  than  the  pyro- 
gallol.  It  can  be  prepared  and  put  in  the  pipette  in  the  labora- 
tory, and  as  long  as  any  of  the  phosphorus  remains  in  the  pipette 
it  is  ready  for  use.  If  the  Orsat-Muencke  apparatus  is  used — 
and  I  agree  with  Mr.  Hale  that  it  is  probably  the  be^  for  engi- 
neers— the  oxygen  pipette  must  be  reversed,  so  that  the  gases 
pass  into  the  bulb  with  large  mouth,  if  phosphorus  is  used.  The 
phosphorns,  when  bought,  will  be  in  short  pieces  or  sticks  about 
one-half  an  '  inch  in  diameter.  These  must  be  melted  and  cast 
into  sticks  about  one-eighth  of  an  inch  in  diameter  and  three  inches 
long.  These  sticks  are  then  put  in  the  large-mouthed  bulb  of 
the  oxygen  pipette,  and  when  the  pipette  is  connected  to  the 
apparatus  it  is  ready  for  use.  Water,  of  course,  is  used  as  the 
displacing  fluid.  I  had  a  lot  of  trouble  with  the  pyrogallol,  and 
do  not  like  it.  It  is  some  trouble  to  prepare  the  phosphorus 
sticks,  as  phosphorus  must  always  be  handled  under  water ;  and 
care  must  be  taken  not  to  get  any  of  it  in  any  cuts  on  the  hand, 
as  it  may  make  a  bad  sore. 

I  do  not  calculate  the  weight  of  air  admitted  to  the  famace  per 
pound  of  carbon,  or  combustible,  as  Mr.  Hale  does,  because  I 
consider  his  method  clumsy.  Neglecting  the  moisture  in  the 
gases  and  the  unbumed  hydrocarbons,  the  weight  of  air  admitted 
to  the  furnace  per  pound  of  carbon  burned  is 

(1)  y  ^1.20  (200 -y) 

X  is  the  per  cent.,  by  volume,  of  the  COj  in  the  gases ; 

y  is  the  per  cent.,  by  volume,  of  the  CO  in  the  gases. 

The  deduction  of  this  formula  is  briefly  as  follows : 

By  the  laws  of  chemical  combinations  it  may  be  shown  that  if 
a  pound  of  carbon  is  burned  to  CO  and  CO*,  so  that  the  weight 
of  carbon  in  the  CO]  is  d^  and  that  in  the  CO  is  1  ~  ^,  and  these 
gases  CO  and  COs  are  mixed  with  other  gases,  the  relation 
between  the  carbon  in  the  CO^,  the  carbon  in  the  CO,  the  per 
cent,  by  volume,  of  the  CO^  in  the  mixture  of  gases,  and  the  per 
cent.,  by  volume,  of  the  CO,  is  given  by  the  formula 

» T^-y 
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From  this  is  obtained 

(3) d  =  -4- 

^  ^  x  +  y 

It  can  also  be  shown  that 

,.v  ,     0.369^3? 

^*> /=-iIoo-' 

where  A  is  the  yolnme  of  the  mixture  of  gases  at  32  degrees 
Fahr. 

From  these  equations  we  get 

,-v  J ,        1100 

^^ 0.369  (a? +  yy 

When  coal  is  burned  in  a  furnace,  the  volume  of  the  resulting 
gases  depends  upon  the  completeness  of  the  combustion  and  the 
composition  of  the  coal. 

When  COa  is  formed,  the  volume  of  the  CO2,  measured  at  82 
degrees  Fahr.,  is  exactly  equal  to  the  volume  of  the  O  used ; 
when  CO  is  formed,  the  volume  of  the  CO  is  twice  the  volume  of 
the  O  used ;  when  hydrogen  is  burned,  the  volume  of  the  gas 
formed,  HO,  is  t2cice  the  volume  of  the  O  used ;  and  when  sul- 
phur is  burned  the  volume  of  the  resulting  gas  is  equal  to  the 
volume  of  the  O  used. 

Hence,  the  volume  of  the  gases,  measured  at  32  degrees  Fahr., 
in  a  furnace  is  equal  to  the  volume  of  air  admitted,  plus  one-half 
the  volume  of  the  CO,  plus  the  volume  of  the  moisture  from  the 
coal,  plus  one-half  the  volume  of  the  moisture  from  the  hydrogen 
in  the  coal,  plus  the  volume  of  the  unbumed-  hydrocarbons. 
Neglect  the  moisture  and  the  unbumed  hydrocarbons,  and  call  V 
the  volume  of  the  air  admitted  per  pound  of  carbon  burned,  and 
we  get 

w ^=''*^- 

From  this  we  have 

(rr^  ^^^(200-y) 

^^^ ^ 200~- 

Put  in  (7)  the  value  of  A  as  given  by  (5),  and  we  get  that  the 
volume  of  air  admitted,  per  pound  of  carbon  burned,  is 


(8) F= 


1100(200  -  y) 
0.369  («  +  y) ' 


FLUE   GAS   ANALYSES  IN   BOILER  TESTS.  927 

Since  one  cabic  foot  of  air  at  ^2  degrees  Fahr.  weighs  0.0807 
pounds,  the  weight  of  air  admitted  per  pound  of  carbon  is 

(9)    ....     Tr=  0.0807  F=l:20(200-y) 

^  ^  aj  +  y 

This  formula  is  very  handy  to  use  in  the  boiler  room  when  a 
test  is  being  made  to  determine  whether  or  not  there  is  a  suffi- 
cient supply  of  air  being  admitted  to  the  furnace  at  all  times. 

I  have  not  attempted  to  make  a  heat  balance  as  described  by 
Mr.  Hale. 

I  think  the  term,  "Latent  heat  in  HtO/*  on  page  914,  should  be 
"  Heat  of  gasification  of  H,0,"  and  that  the  factor  966  should  be 
replaced  by  a  factor  whose  value  is  about  1100.  This,  however, 
would  make  a  very  small  change  in  the  total  heat. 

I  think  the  great  value  of  gas  analysis  lies  in  the  fact  that  it 
enables  us  to  adjust  the  air  supply  properly.  The  few  analyses 
which  I  have  made  have  convinced  me  that  in  the  ordinary  fur- 
nace under  the  ordinary  return  tubular  boiler,  there  is  consider- 
able loss  due  to  incomplete  combustion  of  the  carbon,  especially 
when  using  a  bituminous  coal  of  low  grade  but  rich  in  volatile 
matter.  Whether  or  not  there  are  any  nnbumed  hydrocar- 
bons, I  do  not  know,  but  I  think  there  must  be,  as  there  is  often 
so  large  an  amount  of  CO.  When  the  fire  is  thick  or  dirty 
there  is  almost  always  a  deficiency  of  oxygen  and  an  excess.of 
CO  immediately  after  firing. 

I  have  often  gotten  as  high  as  10  per  cent.  CO  and  little  or  no 
free  oxygen. 

When  there  are  any  unburned  hydrocarbons,  or  a  large  amount 
of  CO  in  the  gases,  there  is  no  way  to  check  the  analyses ;  but 
when  there  are  no  unburned  hydrocarbons  and  a  small  per  cent., 
probably  less  than  2  or  3,  of  CO,  the  sum  of  the  per  cent,  of  COj, 
ooe-half  the  per  cent,  of  CO,  and  the  per  cent,  of  free  oxygen 
should  be  about  constant.  This  sum  should  never  be  equal  to  21 
except  when  huming pure  carbon. 

Prof.  R.  C.  Carpenter. — Mr.  Hale's  paper  in  relation  to  "Flue 
Gas  Analyses ''  is  of  considerable  importance,  and  in  general  my 
experience  is  quite  similar  to  hia  I  note  that  Mr.  Hale  shows  in 
the  examples  submitted  a  considerable  amount  of  CO  in  some 
instances.  We  have  made  many  attempts  to  find  this  gas  in  con- 
nection with  a  flue  gas  analysis,  and  have  never  been  able  to  find 
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it  present  except  so  far  as  a  mere  trace  or  an  exceedingly  minute 
quantity  is  concerned.  I  consulted  Professor  Dennis  of  the 
Department  of  Chemistry,  who  has  charge  of  that  work  in  Cor- 
nell University,  and  who  has  made  a  specialty  of  the  methods  of 
flue  gas  analysis  while  taking  a  graduate  course  in  Germany.  He 
assures  me  that,  under  the  conditions  which  ordinarily  exist  in 
reference  to  the  operation  of  a  boiler,  it  is  nearly  if  not  quite 
impossible  for  CO  to  exist,  and  that  it  cannot  exist  in  the  pres- 
ence of  free  oxygen  unless  it  be  drawn  from  the  boiler  at  a  very 
high  temperature.  I  hope  that  Professor  Dennis  will  also  discuss 
this  question  before  the  Society. 

*  The  method  of  drawing  the  sample  of  flue  gas  from  the  base  of 
the  chimney  is  not  to  be  commended,  since  a  great  deal  of  air  is 
likely  to  be  drawn  into  the  flue  gases  by  filtration  through  the 
brickwork,  and  I  prefer  now  to  draw  all  samples  directly  from 
the  combustion  chamber,  and  before  any  opportunity  for  any 
mixture  with  air  has  taken  place.  I  found  a  few  weeks  ago  that, 
in  taking  two  samples  of  flue  gas,  the  one  from  the  back  part  of 
the  boiler,  the  other  from  the  flue,  the  difference  in  the  amount  of 
COj  was  very  considerable,  being  over  12  per  cent,  in  one  case 
and  only  about  7  per  cent,  in  the  other,  which  illustrates  the 
point  referred  to. 

The  method  of  drawing  the  sample  which,  in  my  opinion, 
gives  the  best  results  consists  in  the  employment  of  two  cans, 
each  of  which  is  about  eight  inches  in  diameter  and  thirty  inches 
in  height.  These  cans  are  connected  together  by  rubber  tubing, 
aud  also  arranged  so  that  either  may  be  connected  to  the  flue. 
By  setting  the  can  which  is  full  of  water  on  a  bench  about  three 
feet  from  the  floor  and  connecting  this  to  the  flue,  and  setting  the 
empty  can  on  the  floor,  the  water  will  flow  from  the  full  can  into 
the  empty  one,  and  the  flue  gas  may  be  drawn  into  the  upper 
can.  By  regulating  the  time  of  flow  of  the  water  between  these 
cans,  a  sample  can  be  collected  which  Avill  represent  the  average 
for  some  considerable  time.  By  using  the  same  water  over  and 
over  again,  it  soon  becomes  saturated  aud  will  absorb  no  addi- 
tional CO2  or  other  ingredients  of  the  flue  gases. 

Although  the  Orsat  apparatus  is  portable,  we  have  found  con- 
siderable diflBculty  in  so  carrying  it  from  place  to  place  as  to  pre- 
vent breakage,  the  special  point  of  weakness  being  the  glass  con- 
nections (which  Mr.  Hale  has  omitted)  between  the  pipettes  and 
the  measuring  burette,  and  also  the  connection  of  the  double 
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absorption  pipette  by  the  U-shaped  tube  at  the  bottom.  The 
general  form  of  this  pipette  is  shown  in  the  accompanying  sketch 
(Fig.  298).  To  lessen  the  risks  of  breaks  with  this  class  of  appa- 
ratus, we  have  designed  a  form  of  pipette  wliich  is  much  stronger, 
and  which  is  used  in  exactly  the  same  manner  as  Fig.  298,  and  is 
shown  in  Fig.  299.  There  is  another  objection  to  the  Orsat 
apparatus,  which  is  due  to  the  fact  that  liquid  reagents  only  can 
be  used,  and  that  the  special  kind  of  liquid  reagents,  which  are 
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ordinarily  used  and  which  are  described  by  Mr.  Hale,  do  not  in  all 
cases  take  out  all  the  oxygen — at  l^ast  they  are  very  slow  to  act. 
Stick  phosphorus  is  very  much  quicker  and  better.  As  an  illus- 
tration, the  examples  given  by  Mr.  Hale  show  that  on  October 
30th  the  sum  of  COj,  CO,  and  O  is  21.2,  and  October  31st  is  18.8 
per  cent.  As  these  compounds  generally  replace  the  oxygen  from 
the  atmosphere,  it  is  difficult  to  explain  this  descrepancy,  except 
by  leakage  in  the  first  case  and  by  lack  of  absorption  power  in  the 
second  case.  We  have  found  it  very  difficult  with  the  **  pyro  "  solu- 
tion to  absorb  all  the  oxygen  even  from  atmospheric  air,  the  sum 
of  O  and  COj  usually  running  from  19  to  20  per  cent,  rather  than 
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Other  Components  of  the  Oas. 

These  are  sulphur  dioxide,  nitrogen,  argol,  oxides  of  nitro- 
gen, cyanides,  hydrogen,  and  hydrocarbons,  (^or  the  presence 
of  nitrogen-oxygen  compounds  see  Engineering  Netvs^  Febru- 
ary 18, 1897.)  Cyanides  occur  in  blast  furnace  gases,  hence  they 
may  occur  in  flue  gases.  Hydrogen  and  hydrocarbons,  we  know, 
occur.  The  sulphur  dioxide  is  absorbed  by  caustic  potash,  and 
is  generally  counted  as  carbonic  dioxide. 

No  volumetric  analysis  will  give  us  any  useful  information 
about  the  other  gases.  The  limit  of  accuracy  of  volumetric 
analyses  is  about  ^  per  cent.,  and  xV  P^^  cent,  of  some  of  the 
heavier  hydrocarbons  would  involve  a  loss  of  10  per  cent,  of  the 
heating  powers  of  the  coal.  Since  we  can  generally  account  for 
all  the  heat  in  the  coal  to  within  10  per  cent,  without  consider- 
ing these  hydrocarbons,  it  is  evident  that  volumetric  analyses 
for  the  hydrocarbons  would  be  a  waste  of  time.  Gravimetric 
analyses,  such  as  those  made  by  Scheurer-Kestner,  would  give 
the  figures,  but  such  gravimetric  analyses  should  be  undertaken 
only  by  a  chemist. 

The  usual  way  is  to  enter  the  balance  of  the  gas  after  taking 
out  the  carbonic  dioxide,  oxygen  and  carbonic  oxide  as  nitrogen. 

ElustrcUiom. 

I  give  herewith  three  tests  illustrative  of  the  value  of  gas 
analysis,  two  made  by  Mr.  Barrus  on  an  Almy  boiler  (Fig.  297) 
and  one  by  myself  on  a  horizontal  tubular  boiler  with  Hawley 
furnace.  I  analyzed  the  gases  for  Mr.  Barrus  in  his  tests ;  Mr. 
G.  S.  Curtis,  junior  member  of  the  Society,  analyzed  the  gases 
for  me  in  my  own  test. 

Table  I.     (Dimensions.)    Is  given  for  the  sake  of  reference. 

Table  II.  Has  the  ordinary  results  of  boiler  tests,  taken 
directly  from  the  reports. 

Table  III.  Has  the  various  data  based  on  the  flue  gas 
analysis,  etc.  The  calculations  are  as  follows  for  the  items 
that  are  not  obvious : 

*  Pounds  dry  gas  per  pound  carbon  =  per  cent  of  each  gas 


^  For  example,  in  Test  1,  Table  III.  (p. 

iQOt  H-5fC0=  15 

15  X  12  =  180 

8,015.2  -h  180=  pounds  dry  gas  per  pound 
carbon  =  10.7. 

8,015.2 


11.9 

jfCO,  x44=     528.6 

6.2 

%    0,  X  82  =     198.4 

8.1 

^CO    x28=      86.8 

78.8 

%    N,x  28  =  2,206.4 
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by  molecular  weight  -^  per  cent  of  carbon  containing  gases  by 
atomic  weight  of  carbon. 

Pounds  dry  gas  per  pound  combustible  =  pounds  gas  per 
pound  carbon  by  per  cent,  carbon  in  combustible. 

Founds  dry  gas  per  pound,  coal  as  fired  =  pounds  gas  per 
pound  combustible  by  per  cent  combustible  in  coal. 


Fig.  297.— Almy  Water  Tube  Boiler,  Class  D. 

H,0  from  H  in  fuel  =  H  in  coal  (or  combustible)  by  9. 

Pounds  air  per  pound  combustibte  is  of  course  one  pound  less 
than  the  gas  per  pound  combustible.  Air  per  pound  coal  is 
only  approximately  one  pound  less  than  gas  per  pound  of  coal. 

Specific  Heat  The  specific  heat  of  the  dry  flue  gas,  works  out  at 
ordinary  temperatures  and  compositions  very  close  to  .24.  The 
specific  heat  of  the  gas  including  H,0,  works  out  very  close  to 
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Mr,  Wm.  Kent. — The  discussions  of  Professor  Einealj  and 
Professor  Carpenter  show  the  difference  which  exists  between  the 
chemists^  and  it  is  going  to  be  a  long  time  before  we  engineers 
can  settle  how  to  analyze  flue  gas  and  not  rim  agaiust  the  ideas 
of  some  chemist.  For  instance,  I  had  occasion  last  year  to  make 
a  long  series  of  boiler  tests,  including  analyses  of  the  gases,  and  I 
consulted  several  chemists  about  what  apparatus  to  use,  and, 
among  others.  Professor  Dennis  of  Cornell,  the  translator  of  Hem- 
pel's  book  on  **  Gas  Analysis."  I  was  told  by  all  the  chemists  not 
to  use  Orsat's  apparatus,  but  to  use  the  Hempel  apparatus.  I 
made  several  hundred  flue  g€is  analyses,  and  one  of  the  conclusions 
which  I  reached  agrees  with  that  of  Professor  Kinealy — that  is  to 
say,  that  a  very  large  quantity  of  carbonic  oxide  will  be  found  in  the 
gases.  I  used  the  Ilempel  apparatus,  followed  the  directions  in 
HempePs  book,  and  checked  the  results  in  every  way,  and  I  feel 
certain  that  I  sometimes  had  as  high  as  7  per  cent,  of  carbonic 
oxide.  I  communicated  the  result  through  Professor  Carpenter 
to  Professor  Dennis,  and  he  says  no  one  can  get  carbonic  oxide 
in  boiler  analyses  unless  the  experiments  are  wrong  or  he  uses  the 
wrong  apparatus.  So  there  is  a  direct  issue  between  Professor 
Dennis  and  myself.  Mr.  Hale's  paper  shows  that  he  got  a  great 
deal  of  carbonic  oxide  and  Mr.  Barrus  got  a  great  deal,  and  there 
are  a  great  many  others  who  show  that  carbonic  oxide  is  found,  in 
direct  contradiction  to  the  statement  made  in  HempeFs  book  and 
confirmed  by  Professor  Dennis.     I  think  I  got  it. 

Professor  Carpenter,  in  his  discussion,  has  referred  to  the  dif- 
ference of  opinion  as  to  how  to  collect  the  gas.  I  have  collected 
it  in  two  or  three  places,  and  I  think  they  are  all  wrong,  and  I 
don't  know  how  to  collect  the  gas  to-day  or  how  to  sample  it  I 
don't  think  Mr.  Hole  doea  Mr.  Hale  Rajs :  "  The  local  variations 
are  not  often  caused  by  the  difference  of  composition  of  the  gases 
from  different  parts  of  the  fire,  since  the  gases  are  pretty  well 
mixed  by  the  time  they  have  passed  through  the  boiler."  How 
does  Mr.  Hale  know  that?  Is  it  true  that  the  gases  from  the 
right-hand  side  of  the  furnace  get  thoroughly  mixed  with  those 
on  the  left  hand  ?  I  don*t  think  they  are  mixed  at  all.  He  says 
considerable  discretion  must  be  used  with  a  water-tube  boiler,  but 
he  gives  no  directions  to  guide  us.  Every  engineer  will  have  his 
own  discretion  in  the  matter,  and  no  two  will  do  it  alike. 

Mr.  Hale  says  if  an  iron  tube  is  used  it  is  well  to  drill  it  full  of 
small  holes,  not  larger  than  one-eighth  inch,  but  this  is  not  neces- 
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saijy  and  that  if  we  collect  gases  throagh  an  iron  tube  it  will  affect 
the  percentage  of  carbonic  oxide.  Professor  Dennis  says  there  is 
no  carbonic  oxide ;  Mr.  Hale  says  the  iron  tube  will  affect  the 
carbonic  oxide.  He  does  not  tell  us  in  what  direction  it  will 
affect  it  or  how  much.  The  Orsat  apparatus  Professor  Carpenter 
has  sufficiently  criticised.  Some  of  the  criticisms  of  the  Orsat  ap- 
paratus are  well  taken — for  instance,  that  it  is  not  as  good  as  the 
Hempel  for  the  reason  that  it  does  not  use  phosphorus  for  absorb- 
ing oxygen.  The  one  thing  that  I  was  most  pleased  with  in  my 
analysis  with  the  Hempel  apparatus  was  its  determination  of 
oxygen.  Others  say  the  Orsat  is  not  as  good  as  the  Hempel  for 
ther  reasons.  I  believe  that  the  Hempel  is  as  good  as  the  Orsat 
for  carbonic  acid,  but  that  both  admit  of  large  errors  due  to  the 
absorption  of  carbonic  acid  by  the  water  of  the  collecting  jar. 

Now  in  regard  to  carbonic  oxide.  In  Hempel's  book  it  is  said 
to  be  advisable  to  use  two  absorption  pipettes.  The  gas  chemist 
of  the  United  Gas  Improvement  Company  informs  me  that  he 
always  uses  three,  and  that  two  are  not  sufficient.  If  you  use  the 
ordinary  solution  in  a  single  pipette  for  determining  the  carbonic 
oxide,  and  analyze  a  gas  which  has,  say,  7  per  cent,  of  carbonic 
oxide,  and  the  next  gas  you  have  to  analyze  contains  no  carbonic 
oxide,  you  will  find  the  result  a  minus  quantity — that  is,  the 
cuprous  chloride  absorbs  the  carbonic  oxide,  and  then  gives  it 
up  to  the  next  gas  that  comes  along  that  has  less.  To  check  that 
I  put  nitrogen  through  the  cuprous  chloride  bulb  and  the  nitrogen 
gained  in  bulk,  showing  that  it  had  taken  up  some  gas  from  the 
cuprous  chloride,  and  then  I  exploded  it  with  oxygen  and  hydro- 
gen and  got  carbonic  acid — that  is,  I  had  collected  carbon  in  some 
form  from  the  cuprous  chloride.  So  if  an  engineer  goes  into  this 
subject  he  is  going  to  have  lots  of  trouble,  and  his  results  will 
certainly  be  full  of  errors. 

In  regard  to  the  method  of  aspirating  the  gas,  Mr.  Hale  uses  a 
steam  aspirator  and  a  section  bag.  I  have  found  a  little  rubber 
pump,  like  a  syringe,  recommended  by  Hempel,  to  be  excellent  for 
clearing  out  the  collecting  tube,  getting  nothing  but  gas  in  the  tube. 

Mr.  Hale  says  if  one  man  takes  all  the  ordinary  observations  of 
the  tests  he  will  not  have  mnch  time  for  gas  analyses.  He  will 
not  have  any  time  for  the  analyses,  or,  rather,  it  will  take  all  his 
time  to  make  the  gas  analyses  and  leave  no  time  to  make  boiler 
tests. 

Mr.  Hale   says :  "  Two  degrees  Fahr.  change  makes   fy  per 
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cent,  error."  I  found  that  was  tine.  One  of  the  great  difficul- 
ties is  to  keep  the  temperature  constant. 

In  regard  to  the  heat  balance,  Mr.  Hale  says  that  he  can  get  a 
heat  balance  very  closely  by  using  gas  analysis.  He  says :  "  It 
will  account  for  all  but  a  few  per  cent,  of  the  heat."  In  the 
analyses  I  made  the  heat  balance  did  account  for  from  2  per  cent, 
to  20  per  cent,  of  all  the  heat.  So  what  was  the  use  of  the  gas 
analysis  in  regard  to  heat  balance?  The  heat  balance,  in  boiler 
tests  with  bituminous  coal,  is  largely  a  delusion  and  a  snare.  In 
my  tests  the  use  of  the  gas  analysis  was,  as  we  went  along,  to 
determine  whether  the  fire  was  being  fired  within  a  reasonable 
distance  of  what  it  should  be.  And  the  most  important  feature 
of  the  gas  analysis  was  the  oxygen  determination,  not  the  car- 
bonic acid.  If  you  get  from  10  to  12  per  cent,  of  carbonic  acid, 
you  cannot  say  that  is  a  good  result ;  for  these  percentages  are 
compatible  either  with  deficient  oxygen  or  too  much  oxygen. 
The  same  percentages  of  carbonic  acid — that  is,  10  to  12  per 
cent. — may  be  found  when  you  are  taking  too  little  aii*  through 
the  fire,  or  too  much,  or  just  the  right  amount.  The  oxygen 
determination  is  an  indication  of  whether  the  air  supply  is  right. 
If  there  is  between  10  and  4  per  cent,  of  oxygen  we  have  the  best 
result  possible.  With  4  per  cent,  of  oxygen  we  have  only  a  trifle 
of  carbonic  oxide.  With  anywhere  between  5  and  10  per  cent, 
of  oxygen  we  have  no  carbonic  oxide  in  the  gases.  The  car- 
bonic oxide  analysis,  if  we  can  get  it  correctly,  is  a  good  indication 
of  whether  the  firing  is  correct  or  not..  The  principal  use  of  gas 
analysis  is  not  to  determine  the  heat  balance.  It  may,  in  anthra- 
cite coal,  and  some  other  kinds  of  coal,  give  within  3  or  4  per  cent, 
of  the  correct  heat  balance  ;  but  with  some  of  the  Western  coals 
it  will  not  give,  sometimes,  within  20  ])er  cent,  of  the  correct  heat 
balance,  and  for  the  reason  that  the  analysis  shows  you  nothing 
about  the  unconsumed  hydrogen  and  the  passage  of  water  gas 
(formed  by  decomposition  of  the  water  in  the  coal  during  the 
first  minute  or  two  after  firing)  up  the  chimney  unburned. 

Mr,  H,  IL  Suplee. — In  regard  to  what  Mr.  Kent  has  said  about 
collecting  samples  of  gas,  I  wish  to  add  that  one  of  the  best 
known  and  most  responsible  firms  of  chemists  in  Philadelphia 
declines  to  collect  samples  over  water  or  in  contact  with  water. 
They  use  a  suction  pump,  and  pumping  enough  gas  through  so  as 
to  clear  the  apparatus  of  air,  they  then  fill  the  pipette  with  as  large 
a  sample  as  they  can  conveniently  compress  into  it. 
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Mr.  R.  S.  Hale* — Taking  up  first  the  question  of  apparatus, 
the  Hempel  apparatus  is  undoubtedly  the  best  for  laboratory-  use, 
and  in  the  laboratory  is  the  most  accurate.  lu  the  boiler  room, 
however,  there .  are  errors  due  to  change  of  temperature  from 
which  the  Orsat  is  largely  protected  by  its  water  jacket,  while  the 
Hempel  is  not ;  so  that  the  errors  of  the  Hempel  may  be  even 
greater  than  those  of  the  Orsat  when  used  in  the  boiler  room. 
Independently  of  this,  the  less  time  occupied  by  the  Orsat  (less 
than  one-half  that  required  by  the  Hempel),  and  its  greater  con- 
venience (only  one  connection  per  analysis  as  compared  with  five 
on  the  Hempel),  make  it,  in  my  opinion,  by  far  the  best,  except  in  the 
few  cases  where  a  small  laboratory  is  available  near  the  boilers. 

The  modification  of  the  Orsat  pipette  which  is  suggested  by 
Professor  Carpenter  is  a  very  pretty  one,  and  is  suie  to  be 
adopted.  I  do  not  agree  with  him,  however,  in  shortening  the 
burette  so  that  it  will  read  only  25  per  cent.  If  he  had  made  is 
35  per  cent,  it  would  have  been  better,  as  I  have  had  in  practice 
cases  where  I  had  to  read  to  30  per  cent.  The  limit,  when  analyz- 
ing fine  gas,  is  34  per  cent.  Neither  do  I  think  that  the  large 
cans  which  he  uses  for  collecting  the  gas  are  as  convenient  as  Ihe 
smaller  glass  bottles.  It  is  often  a  great  convenience  to  be  able 
to  see  that  the  collection  is  going  on  properly,  and  to  see  just  how 
much  gas  has  been  collected. 

The  use  of  phosphorus  for  the  determination  of  the  oxygen  it 
certainly  more  convenient  than  the  use  of  the  slow-acting  pyro- 
gallol,  but  it  has  several  disadvantages.  The  first  is  that,  if  the 
apparatus  should  break,  as  occasionally  happens  to  all  of  us,  the 
phosphorus  catches  fire  and  is  rather  dangerous.  The  second 
disadvantage  is  that,  if  there  should  be  any  ethylene  present,  the 
phosphorus  will  not  act  on  the  oxygen.  Other  hydrocarbons — 
alcohol,  ethereal  oils,  and  ammonia — act  in  the  same  manner  as 
ethylene.  (Footnote,  v.  Hempel,  p.  124.)  Thirdly,  if  there  be  any 
carbonic  oxide  present  when  the  gas  is  passed  over  the  phos- 
phorus, part  will  be  oxidized  into  carbonic  acid,  making  the 
subsequent  determination  of  the  carbonic  oxide  erroneous.  My 
authority  for  this  statement  is  Dr.  A.  H.  Gill,  who  has  charge  of 
the  department  of  gas  analysis  of  the  Massachusetts  Institute  of 
Technology.  In  spite,  therefore,  of  the  greater  speed  and  conve- 
nience of  the  phosphorus,  I  prefer  to  use  the  slower  acting  but 
safer  and  more  accurate  pyrogallol  for  analyzing  flue  gas.  If 
*  Author's  closure,  under  the  Rules. 
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Professor  Carpenter,  when  analyzing  air  with  the  pyrogallol, 
failed  to  absorb  all  the  oxygen,  it  must  have  been  due  to  a  poor 
solution,  as  Hempel  (p.  116)  comes  to  the  conclusion  that  the 
last  trace  of  oxygen  can  be  removed  with  certainty.  The  fact 
that  the  sums  of  the  carbonic  acid,  oxygen,  and  either  the  whole 
or  half  of  the  carbonic  oxide,  are  not  constant  when  analyzing  flue 
gas,  is  not  necessarily  due  to  any  mistake,  but  to  the  fact  that 
oxides  of  nitrogen  are  formed  from  the  air  in  varying  amounts, 
which  do  not  appear  in  the  analysis,  and  also  to  the  burning  of 
the  hydrogen  in  the  coal,  forming  HjO,  which  does  not  appear 
in  the  analysis.  The  amount  of  hydrogen  burned  varies  greatly 
at  different  times.  Shortly  after  firing,  the  amount  of  hydrogen 
burned  reaches  a  maximum,  and  the  sum  of  the  carbonic  acid  and 
oxygen  may  not  be  over  12  per  cent,  or  14  per  cent  Before  the 
next  firing,  the  hydrogen  is  often  so  completely  burned  that  there 
is  nothing  left  in  the  coal  but  pure  carbon,  and  the  sum  of  the 
carbonic  acid  and  oxygen  may  be  the  same  as  the  percentage  of 
oxygen  in  the  air. 

In  regard  to  the  formula  suggested  by  Professor  Einealy,  it 
neglects  the  moisture  in  the  gases  and  the  air  accompanying  the 
oxygen  which  was  used  to  form  part  of  that  moisture  by  burning 
the  hydrogen  in  the  coal.  If  the  examples  given  in  the  appendix 
to  the  paper  are  figured  by  the  formula,  it  will  be  seen  that  there 
is  a  sensible,  though  not  a  very  serious,  inaccuracy.  The  formula 
is  not  necessary  in  the  boiler  room,  as  it  requires  very  little  prac- 
tice to  be  able  to  regulate  the  fires  on  knowing  the  percentage 
constituents  of  the  gas,  without  waiting  for  the  figures  of  pounds 
air  per  pound  of  carbon.  In  fact,  on  account  of  the  varying 
amounts  of  hydrogen  burned  at  different  times,  before  and  after 
firing,  the  percentage  constituents  are  a  better  guide  than  even 
an  exact  computation  of  the  amount  of  air. 

In  regard  to  the  value  of  the  information  obtained  by  analyzing 
the  gases  and  making  out  the  heat  balance,  that,  so  far  as  the 
commercial  side  of  it  is  concerned,  must  be  decided  by  each  one 
for  himself,  and  the  remark  made  to  me  a  year  or  so  ago  by  a 
representative  of  one  of  the  large  boiler  companies  is,  unfortu- 
nately, trne.  "  Gas  analyses  don't  sell  many  boilers."  But  so  far 
as  the  engineering  side  of  it  is  concerned,  we  have  in  the  gas 
analysis  and  the  heat  balance  a  weapon  which,  when  properly  han- 
died,  will  tell  us  a  great  deal  which  we  t^an't  get  from  an  ordinary 
boiler  test.     The  expense  is  not  very  great,  and  even  if,  some- 
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times,  we  do  account  for  more  heat  than  there  is  in  the  coal,  that 
is  better  than  making  a  mistake  when  there  is  no  check  on  our 
work.  Sometimes  we  do  not  account  for  all  the  heat — 2  per  cent., 
or  even  20  per  cent,  as  Mr.  Kent  has  at  times  found  missing. 
But  in  the  ordinary  test  all  the  heat,  except  what  is  in  the  steam, 
is  unaccounted  for,  and  an  attempt  to  tell  the  reasons  of  a  good 
or  bad  boiler  performance,  even  if  partially  unsuccessful,  is  better 
than  to  give  up  without  even  trying. 
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slightly  over  6  per  cent  of  the  weight  of  the  dry  ooal ;  the  cok- 
ing coals  from  Western  Pennsylvania  absorbed  amounts  which 
varied  from  slightly  less  than  1  per  cent  to  about  3  per  cent ; 
the  Western  bituminous  coals  absorbed  from  8  to  14  per  cent 
Pocahontas  absorbed  an  amount  greater  than  the  anthracites. 

The  first  investigation  seemed  to  indicate  that,  independent 
of  the  physical  condition,  different  coals  vary  greatly  in  their 
hygrometrical  properties,  and  that,  with  few  exceptions,  the 
power  of  absorbing  and  retaining  moisture  is  less  as  the  calo- 
rific value  is  greater. 

Thus  tbe  results  show  that  the  maximum  amount  of  moisture 
which  would  be  absorbed  by  coals  powdered  so  as  to  pass 
No.  80  sieve,  were  on  the  various  tests  as  follows  : 

ADtbracites. 
% 
6.87 
5.08 
5.56 
5.70 
5.26 
4.66 
6.00 
5  07 
6.04 
6.84 

Average.    5.60  l.Oa  9.77 

The  effect  of  the  size  of  particle  is  quite  decided.  The  larger 
the  particle  the  less  the  weight  of  moisture  which  is  absorbed. 
This  indicates  that  the  absorptive  power  is  in  part  due  to 
capillary  action  of  the  surface  (Fig.  301). 

In  the  second  investigation  the  pieces  of  coal  were  made  as 
nearly  of  definite  sizes  as  possible  considering  their  irregular 
shape,  having  diameters  respectively  one  inch,  half  inch,  quarter 
inch  and  powdered  so  as  to  pass  through  sieves  of  60  to  the 
inch.  In  these  experiments  there  were  used  two  samples  of 
anthracite  coal,  one  obtained  by  breaking  up  pieces  of  egg  coal, 
the  other  pieces  of  pea  coal ;  two  specimens  of  bituminous  coal, 
one  an  Illinois  coal  and  the  other  a  Cumberland  coking  coal. 
The  results  of  this  investigation  show  an  increase  in  absorptive 
power  as  the  size  of  the  particle  is  diminished.  The  results  are 
slightly  irregular,  due  probably  to  irregularities  in  the  samples 
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selected,  but  the  variation,  however,  is  no  more  than  would 
probably  be  found  in  the  selection  of  samples. 

In  connection  with  the  drying  of  coals  at  temperatures  above 
the  boiling  point  a  number  of  experiments  were  made  to 
determine  whether  there  was  any  sensible  loss  of  volatile 
matter,  but  so  far  as  could  be  determined  by  repeated  trials, 
alternately  drying  and  moistening,  and  by  varying  time  of  drying 
from  one  to  three  hours,  no  loss  of  volatile  matter  could  be 
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Fig.  301. 

detected,   and  it  seems   exceedingly  probable  that  no  loss  of 
importance  occurs  at  temperatures  below  300  degrees  Fahr. 

For  this  reason  it  would  seem  entirely  safe  to  use  this  method 
of  drying  coals  in  testing  boilers,  as  it  is  easily  applied,  and  has 
given  very  satisfactory  and  uniform  results  for  the  writer  when- 
ever used.  The  following  tables  give  the  results  of  the  various 
observations  and  the  names  of  the  coals  from  which  the  experi- 
ments were  made.  The  observations  were  taken  by  C.  E, 
Houghton,  M.E.,  and  E.  C.  Sickles,  ME. 
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D  8CU88ION. 

M)\  H,  S.  Bale. — Professor  Carpenter's  paper  is  exceedingly 
interesting  and  valuable,  but  I  fail  to  find  in  it  the  data  to  make 
clear  one  or  two  points,  and  I  disagree  partially  with  the  statement 
on  the  bottom  of  page  940  as  to  a  safe  method  to  be  used  in  test- 
ing coals  for  moisture, 

In  regard  to  the  absorptive  capacity  of  coals  of  different  sizes, 
I  have  found  when  drying  two  samples  of  coal,  the  one  of  lump 
size  and  the  other  of  fine  coal,  that  at  first  the  fine  coal  lost  by 
far  the  most  weight,  but  that  toward  the  end  of  the  experiment  it 
was  the  lump  coal  which  showed  the  greatest  differences  on  suc- 
cessive readings.  The  indication  was  that  if  the  experiment  had 
been  continued  long  enough  both  the  lump  and  the  fine  coal 
would  have  given  the  same  i^esults.  Now,  in  the  experiments  in 
the  paper  it  is  shown  on  page  942  that  it  took  one  week  for  some 
i^amples  of  fine  coal  to  reach  a  constant  condition.  The  lump  sam- 
ples on  page  941  were,  some  of  them,  eight  or  ten  times  as  thick 
as  the  samples  of  fine  coal,  and  might,  therefore,  be  expected  to 
take  a  proportionate  time  before  reaching  a  constant  condition.  The 
experiment  on  page  941  was,  however,  apparently  continued  only 
five  weeks,  and  no  data  are  given  to  show  that  the  lump  coals  might 
nob  have  gone  on  increasing  in  weight  for  some  lime,  nor  are  ihere 
any  data  to  show  that  before  beginning  the  experiment  they  had 
been  brought  to  the  same  condition  as  the  samples  of  fine  coal. 
In  regard  to  the  latter  point,  as  to  whether  the  samples  were  in 
the  same  condition  when  beginning  the  experiment,  it  is  implied 
that  the  coals  were  dried  for  one  hour  at  220  to  240  degrees  Fahr., 
and  this  brings  me  to  the  point  on  which  I  t:ike  issue  with  Pro- 
fessor Carpenter.  On  the  bottom  of  page  940  he  states  that  it  is 
entirely  safe  to  use  this  method  of  diying  coal  in  testing  loileis, 
saying  that  he  finds  no  loss  of  volatile  matter  after  drying  for  three 
hours.  The  chief  diflSculty  with  this  or  any  method  of  diying  yet 
])roposed  is  not  that  volatile  matter  is  given  off,  but  that  oxygen  is 
absorbed  while  drying.  Fischer  {Chem.  Tech.  v.  d.  Brennstoffe^ 
p.  108)  gives  the  following  experiment:  Coal  was  dried  for  three 
hours  in  two  litres  of  air  which  had  previously  been  freed  from 
all  moisture  and  carbonic  acid.  The  temperature  was  110  to  100 
degrees  C.  After  the  drying,  the  air  was  found  to  contain  1.844 
per  cent,  of  water  and  0.196  per  cent,  of  carbonic  acid,  carbon, 
and  hydrogen,  making  2.04  per  cent,  in  all.     But  the  loss  of 
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weight  of  the  t5oaI  was  only  1.778  per  cent,  showing  that  the  coal 
had  been  absorbing  oxygen.  The  same  action  lias  been  noticed 
by  many  experimenters.  In  my  own  practice  I  oncfe  dried  a 
sample  of  coal  until  it  showed  a  negative  amount  of  moisture. 
Prof.  V.  B.  Lewes  speaks  of  an  increase  of  weight  of  2  per  cent, 
when  heated  to  250  degrees  Fahr.  after  previous  drying,  an 
amount  which  would  not  be  negligible  in  a  boiler  test.  If  Pro- 
fessor Carpenter  has  in  use  any  method  which  gets  rid  of  this  dif- 
ficulty, it  is  to  be  hoped  that  he  will  give  the  details  to  the  Society. 
The  absorption  of  oxygen  by  the  coal  is  now  known  to  be  the 
cause  of  spontaneous  combustion,  and  any  method  of  preventing 
such  absorption  will  be  of  great  importance  to  others  besides 
those  of  us  who  test  boilers. 

Mr.  Wm.  Kent — ^I  think  this  paper  of  Professor  Carpenter's 
results,  in  some  degree,  from  a  correspondence  which  I  had  with 
him  during  the  past  year  on  the  subject  or  drying  and  analyzing 
coal.  In  connection  with  a  series  of  boiler  tests  which  I  made  last 
year,  I  sent  samples  of  twenty  different  coals  to  Professor  Carpen- 
ter to  have  him  make  calorimeter  tests  and  proximate  analyses, 
and  called  his  attention  to  the  necessity  of  thoroughly  diying  the 
coal ;  and  I  communicated  to  him  my  method  of  drying  coal, 
which  Professor  Cai*penter  has  since  confirmed — that  is,  that  the 
coal  must  be  heated  to  over  240  degrees — say,  from  240  to  300 
degrees.  I  informed  him  at  the  time  that  I  had  found  that  there 
i8  no  loss  whatever  of  volatile  matter  at  that  temperature.  The 
first  public  announcement  which  I  made  of  that  fact  was  in  revising 
my  closing  discussion  of  the  paper  read  at  the  St.  Louis  meeting 
{Transactions^  vol.  xvii.,  p.  671),  answering  a  criticism  made  con- 
cerning drying  coal  at  too  high  temperature.  In  that  discussion 
I  stated  that  I  found  no. loss  in  volatile  matter  at  a  temperature 
below  300  degrees,  and  Professor  Carpenter  now  confirms  that 
statement  Mr.  Hale  takes  issue  with  Professor  Carpenter,  but 
offers  no  data  to  substantiate  his  position.  It  is  often  said  by 
writers  on  this  subject  that  volatile  matter  is  lost  in  drying  coal 
even  as  low  as  212  degrees.  I  have  not,  however,  been  able  to 
find  any  reference  showing  any  proof  of  that  statement,  and  my 
own  results  with  twenty  different  kinds  of  coal,  running  from  Pitts- 
burg out  to  Illinois,  have  never  shown  any  reduction  of  weight 
after  heating  even  to  350  degrees,  but  in  all  cases,  after  reaching 
a  minimum  weight,  a  slight  increase  in  weight  took  place,  probably 
due  to  oxidation.    The  method  which  I  finally  used  to  determine 
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the  moisture  in  these  coals  may  be  described  briefly  as  follows : 
Having  obtained  an  average  sample  of  the  coal  used  in  the  boiler 
tests,  using  especial  precautions  to  prevent  its  being  air-dried 
during  the  process  of  sampling,  it  is  run  through  a  coffee  mill 
adjusted  so  as  to  make  rather  coarse  grains ;  40  grammes  are  then 
dried  in  a  sand  bath  at  from  240  to  280  degrees,  until  it  has 
reached  a  minimum  weight  (as  determined  by  repeated  weighings 
after  heating  an  hour  or  more  between  each  weighing)  and  begins 
to  show  an  increase  in  weight  The  weighings  were  made  on  a 
torsion  balance  prescription  scale,  to  one  centigramme,  or  one 
part  in  4,000. 

So  far  as  I  have  gone,  this  is  the  best  way  I  know  of  to  deter- 
mine the  moisture  in  coal ;  but  the  moisture  thus  determined  will 
not  be  quite  high  enough — that  is,  there  may  be  an  error  of  one- 
quarter  of  a  per  cent,  due  to  oxidation  of  the  coal.  Now,  in  regard 
to  the  proofs  of  this  method  of  testing.  The  duplication  of  results 
was  extraordinary,  frequently  coming  to  one  or  two  tenths  of  one 
per  cent.,  and  after  reaching  the  minimum  the  increase  by  oxida- 
tion would  be  an  extremely  small  fraction,  usually  not  over  0.1  per 
cent.  The  question  now  is,  Did  we  lose  volatile  matter  or  not? 
One  test  was  made  by  putting  the  coal  into  a  closed  retort,  heat- 
ing it,  and  passing  the  gaseous  products,  if  any,  into  a  jar  inverted 
in  water.  On  healing  to  350  degrees  no  gases  were  found. 
Another  was  to  take  a  piece  of  lump  coal,  which  to  all  appearance 
was  dry,  from  under  a  shed,  where  it  had  been  for  a  long  time,  and 
treat  it  by  this  rapid  method  of  heating  to  from  240  to  280  degrees ; 
and  take  a  duplicate  piece  and  put  it  in  a  desiccator  over  concen- 
trated sulphuric  acid,  and  let  it  remain  two  months.  Two  pieces 
of  Illinois  coal  thus  treated  lost  14  per  cent,  of  moisture  in  two 
months  by  each  of  the  two  methods  of  drying.  Then,  again,  tak- 
ing that  dried  coal  which  was  dried  by  heating  to  240  or  280,  and 
exposing  that,  where  it  would  not  be  touched,  to  the  ordinary  air 
for  two  months,  and  it  absorbed  back  the  whole  14  per  cent.  So 
the  results  were  checked  in  several  different  ways.  There  can  be, 
no  doubt,  other  methods  devised  by  chemists  to  determine  it  with 
still  greater  accuracy,  by  taking  the  retort  of  coal  arid  filling  it 
full  of  nitrogen  gas  to  avoid  oxidation,  heating  it,  absorbing  the 
moisture  driven  off  in  chloride  of  calcium,  and  determining  the 
moisture  by  the  increase  in  weight  of  the  chloride  of  calcium  as 
well  as  by  the  decrease  in  weight  of  the  coal. 

Mr.  Qu%.  C  Henning. — The  experiments  in  the  paper  are 


i46  HYGROJfETRIC  PROPERTIES  Or  COALS. 

based  on  a  fundamental  method,  wbicli  is  criticised  in  the  paper 
itselF.  At  the  bottom  of  page  939  it  says :  "  The  effect  of  the 
size  of  particles  is  quite  decided.  The  larger  the  particle  the 
less  the  weight  of  moisture  which  is  absorbed.  This  indicates 
that  the  absorptive  power  is  in  part  due  to  capillary  action  of  the 
surface."  In  spite  of  this  fact,  Professor  Carpenter  has  made  no 
attempt  to  get  a  uniform  size.  He  says  in  the  case  of  fine  pow- 
ilered  coal  he  passed  it  all  through  a  No.  80  sieve.  Now, 
passing  it  through  an  80  sieve  means  that  it  has  all  the  degrees  of 
fineness  of  powder  which  has  passed  through  that  sieve.  What 
he  should  have  done  is  to  pass  all  of  the  powdered  material 
through  a  No.  80  sieve,  and  tben  take  out  all  the  very  fine 
material  by  using  a  finer  sieve  ;  then  a  material  which  is  nearly 
uniform  would  be  obtained.  And  he  must  determine  beforehand 
how  much  finer  the  second  sieve  must  be  in  order  to  get  an  appro- 
priate sieve  for  the  purpose  of  his  work,  because  the  amount  of 
material  that  is  used  and  the  moisture  contained  therein  are  very 
minute  indeed.  Then  we  come  to  the  next  paragraph,  where  he 
describes  the  use  of  larger  shapes — one  inch,  half  inch,  quarter 
inch,  a,nd  powdered  so  as  to  pass  through  sieves  of  60  to  the 
inch.  Here  again  is  the  same  error.  It  is  pointed  out  that  there 
are  errors  due  to  irregular  sizes,  and  I  again  ask  why  does  he 
not  separate  the  pieces  and  get  one  uniform  grade?  Then  he  says 
the  shapes  were  irregular.  I  should  say  it  is  not  very  difficult  to 
obtain  pieces  of  anthracite  and  of  soft  coal  of  various  kinds  which 
are  sized  very  closely,  even  if  it  takes  a  stone  or  a  file  or  something 
else  to  get  them  to  size.  There  is  one  thing  which  I  think  is 
rather  striking,  and  that  is  the  small  amount  of  absorption  in 
coking  coal,  while  in  the  anthracite  coal  it  is  very  much  more. 
There  is  a  great  variation  in  the  Eastern  coking  coal  in  the  figures 
given.  It  will  be  seen  that  it  varies  from  nearly  7  up  to  13.16, 
while  in  the  anthracite  coal  the  variation  is  very  small — from  4.66 
to  6.87.  That  shows  that  in  the  case  of  anthracite  the  results 
were  tolerably  good,  but  in  the  case  of  Eastern  coking  coab  he 
found  such  a  great  variety  that  he  is  not  justified  in  drawing  the 
conclusion  that  the  average  is  1.92.  He  cannot  grade  the  two 
materials  together.  In  the  case  of  the  Illinois  coal  he  has  taken 
coal  tliat  has  a  moisture  of  4.65  up  to  14.10.  Those  cannot  be 
averaged.  There  should  be  two  averages,  which  is  in  one  case 
12i  per  cent,  and  in  the  otber  case  not  over  6  per  cent.,  while  his 
average  is  9.77.    These  should  be  separated  into  different  kinds 
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of  coal,  and  then  tbe  average  will  appear  very  mncli  better ;  and 
I  tliink  when  that  is  taken  into  account  and  when  this  di£ference 
in  size  is  eliminated  his  results  will  be  much  more  uniform  than 
they  are  given  in  the  paper. 

ilr,  KeiiL — I  did  not  say  anything  in  my  remarks  about  the 
sizes  mentioned  in  Professor  Carpenter's  paper.  I  simply  wish 
to  add  that  I  found  the  same  amount  of  moisture  in  a  sample  of 
lump  coal  one  or  two  inches  in  diameter  which"!  found  in  a  dupli- 
cate sample  that  was  crushed  in  a  coffee  mill,  providing  the  dry- 
ing was  continued  long  enough.  It  took  longer  to  dry  the  lump 
coal.  Now,  the  capillary  attraction  on  the  surface  does  account 
largely  for  the  moisture  in  the  fine  coal,  and  it  seems  that  in  the 
Western  coking  coals  the  moisture  is  of  tbe  same  character  as  the 
moistare  in  wood ;  and  I  will  ask  to  add  to  my  discussion  a  quo- 
tation from  Professor  Johnston's  recent  work,  showing  jast  what 
happens  when  you  dry  a  piece  of  wood.  Tou  never,  at  any  ordi- 
nary temperature,  can  get  a  piece  of  pine  wood  dry.  If  you  keep 
the  heat  on  you  will  finally  destroy  the  wood.  If  you  get  it  what 
they  call  kiln-dry  and  then  expose  it  to  ordinary  atmosphere,  it 
will  continue  absorbing  moisture  until  it  has  the  normal  amount 
of  moisture.  .  So,  with  the  Illinois  coals  they  act  the  same  way : 
if  you  dry  them  and  then  expose  them  to  the  ordinary  air,  they 
will  get  all  the  moisture  back  again  and  hold  it  by  capillary 
attraction  in  tbe  minute  particles  inside  the  coal. 

Prof,  R,  C.  Carpenief\* — There  seems  little  to  be  stated  in 
respect  to  the  discussion,  except  to  clear  away  some  misapprehen- 
sions which  are  evidently  the  results  of  a  misunderstanding  of 
tbe  case. 

In  respect  to  Mr.  Hale'rt  remarks,  I  would  say,  first,  that  there 
is  no  statement  on  page  941  that  it  took  four  weeks  for  the  coal  to 
attain  its  driest  condition,  nor  was  any  such  an  impression  io- 
tended  to  be  conveyed.  The  entire  experiment,  which  included 
many  repeated  dryings  and  moistenings,  occupied  the  time  of  four 
weeks.  The  actual  time  required  to  dry  a  sample,  instead  of 
being  four  weeks,  was  less  than  one  hour,  in  view  of  which  Mr. 
Hale's  inference  and  argument  seem  entirely  gratuitous.  It  is 
doubtless  true  that  a  large  piece  of  lump  coal  would  dry  more 
slowly  than  fine  coal,  but  that  question  has  not  been  under  con- 
sideration in  the  paper.  I  do  not,  however,  enter  upon  tbe  ques- 
tion whether  or  not  it  would  contain  move  moisture.  In  regard 
*  Author's  closure,  under  the  Bales. 
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to  the  gain  or  loss  of  weight,  I  would  say  that  we  have  carried  on 
some  very  extensive  experiments  in  relation  to  the   amount  of 
moisture  which  is  absorbed,  driven  off,  and  reabsorbed,  using  for 
this  purpose  samples  of  coal  from  fifteen  mines  in  this  country 
which  were  widely  separated.    The  publication  of  this  investi- 
gation will  be  given  in  fall  at  a  later  time,  but  the  investigation 
seems  to  show — First :  That  with  the  most  volatile  coals  there  is 
no  sensible  loss  of  weight  due  to  the  driving  off  of  volatile  matter 
under  a  temperature  of  380  degrees  Fahr.,  and  with  anthracite 
coals  there  is  no  sensible  loss  under  a  temperature  of  700  degrees 
Fahr.     Second :  Regarding  the  gain  in  weight  which  we  found  to 
commence  under  certain  conditions  after  the  coal  was  exposed  to 
the  atmosphere,  and  which  Mr.  Hale  attributes  to  the  absorption 
of  oxygen,  we  found  that  if  the  coal  was  weighed  in  the  presence 
of  sulphuric  acid,  or  before  it^  had  any  chance  to  absorb  moisture 
from  the  air,  no  gain  was  experienced  in  any  case.     We,  further- 
more, found  that  coal  would  absorb  a  certain  amount  of  moisture 
from  the  air  almost  instantly,  and  in  a  saturated  atmosphere  it 
would  return  to  its  original  weight  in  the  course  of  fifty  to  eighty 
minutea     This  investigation  leads  me  to  believe  that  the  gain  in 
weight  to  which  Mr.  Hale  refers  is  due,  not  to  absorption  of  oxy-  • 
gen  from  the  atmosphere,  but  to  the  absorption  of  moisture  ;  and 
I  feel  very  certain  that  if  Mr.  Hale  will  prevent  his  coal  from 
absorbing  moisture,  he  will  find  no  gain  in  weight  under  any  con- 
ditions whatever. 

I  am  more  than  ever  convinced  from  this  latter  investigation 
that  it  is  perfectly  safe  and  proper  to  dry  coals  at  a  temperature 
of  350  degrees,  and  beUeve  there  will  be  neither  further  decrease 
or  increase,  provided  the  coals  can  be  weighed  entirely  free  from 
the  chance  of  absorbing  moisture. 

Mr.  Kent's  experience,  which  is  backed  up  by  a  very  extensive 
investigation,  is  entirely  in  harmony  with  my  own,  and  I  believe 
it  absolutely  correct. 

Mr.  Henning's  discussion  with  relation  to  the  size  of  pieces  is, 
it  seems  to  me,  of  little  weight,  and  if  of  any  importance  what- 
ever, the  matter  is  entirely  answered  by  referring  to  the  diagram 
on  page  940;  there  it  will  be  noticed  that  tbe  effect  of  size  is 
not  of  the  importance  that  Mr.  Henning  would  have  us  believe 
— in  fact,  I  may  say  that,  if  the  experiment  had  been  extended 
over  a  sufficiently  long  time,  it  would  absolutely  he  without  infu- 
ence.     The  only  effect  that  size  of  particle  has  upon  the  result 
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is  to  vary  the  time  which  is  required  for  the  absorption  of  a  given 
amount  of  moislnre,  and  had  the  experiments  continued  over  a 
longer  time,  it  would  have  been  absolutely  without  effect.  The 
paper  shows  a  remarkable  difference  in  the  absoiptive  power  of 
different  coals ;  but,  on  the  other  hand,  it  shows  a  remarkable 
uniformity  in  coals  from  certain  districts  and  a  lack  of  uniformity 
in  coals  from  other  districts.  It  is  not,  however,  to  be  presumed 
that  the  averages,  for  instance,  in  the  coal  districts  of  Illinois  and 
Indiana,  when  there  is  a  great  variation,  are  of  any  great  value 
in  indicating  the  amount  of  moisture  from  any  mine. 

The  writer  has  reason  to. believe  that  the  cause  which  lead  to 
the  investigation  described  in  the  paper  was  not  understood  by 
Mr.  Henning;  otherwise  the  point  which  he  has  made  regarding 
the  size  of  coal  would  not  have  seemed  so  important.  The  follow- 
ing explanation  may  throw  some  light  on  this  point,  and  had  it 
been  stated  in  the  paper,  I  feel  that  such  a  misunderstanding 
would  not  have  arisen. 

In  reviewing  the  work  connected  with  certain  boiler  tests,  it 
was  noted  that  in  some  instances  the  correction  for  moisture  in 
the  coal  was  only  3  or  4  per  cent.,  while  in  others  it  was  as  high 
as  15  per  cent.  Tiiis  latter  number  was  so  very  great  that  the 
writer  was  inclined  to  doubt  the  accuracy  of  the  results  of  the 
boiler  tests  in  question.  The  investigation  was  undertaken  to  find 
out  the  capacity  of  different  coals  under  the  same  condition  to* 
absorb  and  retain  moisture,  and  quite  naturally  the  coals  were 
reduced  to  the  same  physical  condition  and  to  a  condition  in 
which  they  would  absorb  quickly  the  maximum  amount  of  water. 
The  investigation  was  simply  a  comparative  one,  the  important 
step  that  all  the  coals  be  in  the  same  physical  condition  being 
fully  complied  with.  The  effect  of  slight  variation  in  sizes  was 
determined  by  later  investigation  fully  described  in  the  paper. 
61 
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to  the  gain  or  loss  of  weight,  I  would  say  that  we  have  carried  on 
some  very  extensive  experiments  in  relation  to  the  amount  of 
moisture  which  is  absorbed,  driven  off,  and  reabsorbed,  using  for 
this  purpose  samples  of  coal  from  fifteen  mines  in  this  country 
which  were  widely  separated.  The  publication  of  this  investi- 
gation will  be  given  in  full  at  a  later  time,  but  the  investigation 
seems  to  show — ^First :  That  with  the  most  volatile  coals  there  is 
no  sensible  loss  of  weight  due  to  the  driving  off  of  volatile  matter 
under  a  temperature  of  380  degrees  Fahr.,  and  with  anthracite 
coals  there  is  no  sensible  loss  under  a  temperature  of  700  degrees 
Fahr.  Second :  Regarding  the  gain  in  weight  which  we  found  to 
commence  under  certain  conditions  after  the  coal  was  exposed  to 
the  atmosphere,  and  which  Mr.  Hale  attributes  to  the  absorption 
of  oxygen,  we  found  that  if  the  coal  was  weighed  in  the  presence 
of  sulphuric  acid,  or  before  it^  had  any  chance  to  absorb  moisture 
from  the  air,  no  gain  was  experienced  in  any  case.  We,  further- 
more, found  that  coal  would  absorb  a  certain  amount  of  moistui*e 
from  the  air  almost  instantly,  and  in  a  saturated  atmosphere  it 
would  return  to  its  original  weight  in  the  course  of  fifty  to  eighty 
minute&  This  investigation  leads  me  to  believe  that  the  gain  in 
weight  to  which  Mr.  Hale  refers  is  due,  not  to  absorption  of  oxy- 
gen from  the  atmosphere,  but  to  the  absorption  of  moisture ;  and 
I  feel  very  certain  that  if  Mr.  Hale  will  prevent  his  coal  from 
absorbing  moisture,  he  will  find  no  gain  in  weight  under  any  con- 
ditions whatever. 

I  am  more  than  ever  convinced  from  this  latter  investigation 
that  it  is  perfectly  safe  and  proper  to  dry  coals  at  a  temperature 
of  350  degrees,  and  believe  there  will  be  neither  further  decrease 
or  increase,  provided  the  coals  can  be  weighed  entirely  free  from 
the  chance  of  absorbing  moisture. 

Mr.  Kent's  experience,  which  is  backed  up  by  a  very  extensive 
investigation,  is  entirely  in  harmony  with  my  own,  and  I  believe 
it  absolutely  correct. 

Mr.  Henning's  discussion  with  relation  to  the  size  of  pieces  is, 
it  seems  to  me,  of  little  weight,  and  if  of  any  importance  what- 
ever, the  matter  is  entirely  answered  by  referring  to  the  diagram 
on  page  940;  there  it  will  be  noticed  that  the  effect  of  size  is 
not  of  the  importance  that  Mr.  Henning  would  have  us  believe 
— in  fact,  I  may  say  that,  if  the  experiment  had  been  extended 
over  a  sufficiently  long  time,  it  would  absolutely  he  without  influ- 
ence.    The  only  effect  that  size  of  particle  has  upon  the  result 
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is  to  vary  the  time  which  is  required  for  the  absorption  of  a  given 
amount  of  moislnre,  and  had  the  experiments  continued  over  a 
longer  time,  it  would  have  been  absolutely  without  effect.  The 
paper  shows  a  remarkable  difference  in  the  absoiptive  power  of 
different  coals ;  but,  on  the  other  hand,  it  shows  a  remarkable 
uniformity  in  coals  from  certain  districts  and  a  lack  of  uniformity 
in  coals  from  other  districts.  It  is  not,  however,  to  be  presumed 
that  the  averages,  for  instance,  in  the  coal  districts  of  Illinois  and 
Indiana,  when  there  is  a  great  variation,  are  of  any  great  value 
in  indicating  the  amount  of  moisture  from  any  mine. 

Tbe  writer  has  reason  to. believe  tbat  the  cause  which  lead  to 
tbe  investigation  described  in  the  paper  was  not  understood  by 
Mr.  Henning ;  otherwise  the  point  which  he  has  made  regarding 
the  size  of  coal  would  not  have  seemed  so  important.  The  follow- 
ing explanation  may  throw  some  light  on  this  point,  and  had  it 
been  stated  in  the  paper,  I  feel  that  such  a  misunderstanding 
would  not  have  arisen. 

In  reviewing  the  work  connected  with  certain  boiler  tests,  it 
was  noted  that  in  some  instances  the  correction  for  moisture  in 
tbe  coal  was  only  3  or  4  per  cent.,  while  in  others  it  was  as  high 
as  15  per  cent.  Tiiis  latter  number  was  so  very  great  tbat  tbe 
writer  was  inclined  to  doubt  the  accuracy  of  tbe  results  of  tbe 
boiler  tests  in  question.  The  investigation  was  undertaken  to  find 
out  the  capacity  of  different  coals  under  tbe  same  condition  to* 
absorb  and  retain  moisture,  and  quite  naturally  the  coals  were 
reduced  to  tbe  same  physical  condition  and  to  a  condition  in 
which  they  would  absorb  quickly  the  maximum  amount  of  water. 
The  investigation  was  simply  a  comparative  one,  the  important 
step  that  all  tbe  coals  be  in  the  same  physical  condition  being 
fully  complied  with.  The  effect  of  slight  variation  in  sizes  was 
determined  by  later  investigation  fully  described  in  the  paper. 
61 


950  THE  LAWS  OF  OYUNDEB  CONDENSATION. 


DCCXLU.* 
THE  LAWS  OF  CYLINDER  CONDENSATION. 

BT  AXTHUB  L.  BICS,  BBOOKLTH,  M.  T. 

(Jnnior  Member  of  the  Society.) 

The  losses  in  the  steam  engine,  aside  from  the  thermodynamic 
loss  which  is  due  to  the  method  of  transformation  and  cannot 
be  avoided  so  long  as  the  present  method  is  used,  are  those  of 
clearance,  radiation,  initial  condensation,  and  friction.  The 
greatest  cause  of  loss  is  condensatioD,  as  will  be  seen  by  refer- 
ence to  Fig.  302,  where  the  relation  of  steam  consumption  and 
ratio  of  expansion  is  shown  for  120  pounds  absolute.  Curve  A 
is  for  the  ideal  engine  of  Bankine,  with  non-conducting  cylinder, 
no  condensation  and  no  clearance  ;  B  for  the  same  engine,  with 
the  loss  due  to  7.6  per  cent,  clearance  added ;  C  for  the  same 
engine,  with  conducting  cylinder  and  condensation  loss;  D 
for  the  brake  power  of  the  engine  ;  i.e.,  with  friction  loss. 
The  vertical  distance  along  an  ordinate  between  A  and  B 
measures  the  increase  in  steam  consumption  due  to  clearance, 
between  B  and  C  that  due  to  condensation,  between  C  and  D 
that  due  to  friction.  A\  B\  C\  and  D'  are  corresponding  effi- 
ciency curves,  and  vertical  distances  between  them  measure 
corresponding  losses  of  efficiency.  The  radiation  loss  was  too 
small  a  variation  to  be  shown  on  the  diagram. 

The  importance  of  the  condensation  loss  is  also  shown  in  the 
business  world  by  the  great  expense  incurred  for  jacketing  and 
compounding  engines  in  order  to  reduce  it  somewhat,  and  by 
the  saving  effected  by  engines  with  these  preventive  features 
over  those  without  them.  By  the  means  mentioned,  the  conden- 
sation has  been  reduced  greatly  and  much  higher  pressures  can 
be  used,  with  a  proportional  degree  of  expansion  and  correspond- 
ing economy ;  but  if  pressures  are  to  go  on  rising,  it  is  impor- 

*  Presented  at  the  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  TranmUion$. 
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tant  to  reduce  the  loss  still  further,  and  in  order  to  do  this  we 
must  get  at,  so  far  as  possible,  the  laws  goveming  condensation. 
For  engineering  purposes  the  condensation  per  horse-power 
hour,  or  expressed  as  a  per  cent  of  total  steam  used,  would 
seem  most  convenient,  and  these  two  quantities  were  investigated. 
The  latter  was  found  to  be  the  one  for  which  most  satisfactory 
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results  could  be  obtained,  and  has  been  retained  in  the  dis- 
cussion. 

THE  ACTION  OP  C50NDENSATI0N. 


For  the  sake  of  a  better  understanding  of  the  phenomenon  of 
condensation  it  is  worth  while  to  see  what  are  the  causes  leading 
to  it.  Consider  •  first  the  action  of  the  Bankine  ideal  engine. 
This  has  anon-conducting  cylinder,  admits  steam  with  immediate 
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rise  in  pressure,  maintains  the  pressure  constant  to  cut-off, 
expands  adiabatically,  releases  with  immediate  drop  to  back 
pressure,  and  exhausts  at  constant  pressure.  The  cylinder  will 
not  absorb  heat  There  is  no  clearance  and  no  chance  for  heat 
loss  except  that  due  to  the  nature  of  the  cycle.  Duriug  admis- 
sion the  work  is  due  to  the  generation  of  new  steam  in  the  boiler, 
that  in  the  cylinder  acting  simply  as  a  medium  for  the  trans- 
mission of  force ;  after  cut-off,  the  steam  works  expansively, 
transforming  some  of  its  internal  energy  into  work,  and,  as  a 
consequence,  some  of  the  steam  musb  condense  in  order  to 
furnish  the  heat  so  transformed.  The  condensation  goes  on 
throughout  the  mass  of  the  steam,  and  the  water  particles  thus 
formed  are  held  in  suspension  in  the  form  of  a  mist  The 
amount  of  this  condensation  is  proportional  to  the  amount  of 
expansion,  and  is  but  a  small  percentage  of  the  total  steam 
except  for  very  high  ratios  of  expansion.  The  condensed  steam 
which  may  cling  to  the  sides  and  heads  of  the  cylinder  and  to 
the  piston  will  remain  in  the  cylinder  except  as  swept  out  by  the 
piston  on  the  exhaust  stroke.  That  which  remains  in  suspension 
in  the  mass  of  the  steam  will  be  carried  out  at  the  exhaust  with 
the  steam.  The  water  which  remains  clinging  to  the  walls  of 
the  clearance  space  will  fall,  during  exhaust,  to  the  temperature 
corresponding  to  exhaust  pressure.  On  admission  this  water 
will  take  up  heat  from  the  incoming  steam  until  it  rises  to  the 
temperature  of  that  steam,  and  to  furnish  the  heat  needed  some 
of  the  fresh  steam  will  be  condensed.  The  condensation  will  be 
due  to  contact  with  the  cooler  water  and  will  be  local  at  the 
points  on  surfaces  where  such  water  exists.  The  water  formed 
by  this  action  will  be  added  to  that  already  existing,  thus 
increasing  the  size  of  the  drops  or  the  thickness  of  the  film 
on  the  clearance  surfaces.  During  admission  no  further  con- 
densation will  occur,  but  during  expansion  there  will  be  the 
same  condensing  action  as  on  the  previous  stroke  throughout 
the  mass  of  the  steam ;  there  will  be  the  same  tendency  for  some 
of  the  water  thus  formed  to  cling  to  the  walls  as  on  the  first 
stroke,  and  some  of  it  will  unite  with  the  film  already  on  the 
clearance  surfaces  to  increase  its  thickness.  To  evaporate  at 
exhaust  pressure  the  water  so  added  would  require  the  expen- 
diture by  the  water  film  of  the  latent  heat  of  vaporization  at 
that  pressure  for  such  amount  of  water  as  is  evaporated.  There 
is  available  only  the  heat  due  to  the  fall  of  the  water  film  from 
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the  temperature  of  admission  to  that  of  exhaust.  This  is  obvi- 
ously not  sufficient  to  evaporate  both  the  addition  froin  con- 
densation during  admission  and  that  from  expansion,  so  that 
the  clearance  surfaces  arrive  at  admission  with  a  little  more 
water  upon  them  than  at  the  end  of  the  first  exhaust  stroke. 
The  same  thing  will  occur  in  succeeding  strokes,  the  film  of 
water  growing  a  little  thicker  during  each  cycle  until  the  limit 
is  reached  when  more  water  refuses  to  adhere  to  the  clearance 
surfaces.  Thus  we  see  that  to  have  initial  condensation  we  do 
not  need  a  conducting  cylinder,  only  adiabatic  expansion.  In 
regard  to  this  Isherwood  says  that  the  *'  initial  cause  of  conden- 
sation is  the  dew  deposited  from  external  radiation  and  adia- 
batic expansion  "  * 

The  larger  the  expansion  the  sooner  will  the  condensation 
come  to  its  limit,  but  it  will  reach  it  sooner  or  later.  If  there 
be  no  expansion  there  will  be  no  condensation. 

Let  us  now  consider  what  will  be  the  course  of  events  if  the 
cylinder  be  capable  of  absorbing  and  giving  up  heat.  Let  the 
cylinder  be  as  warm  as  the  entering  steam  and  the  walls  free 
from  moisture.  During  admission  for  the  first  stroke  we  shall 
have  the  same  action  as  in  a  non-condensing  cylinder ;  during 
expansion  there  will  be  condensation,  as  before,  and  the  same 
tendency  for  some  of  the  moisture  to  cling  to  the  walls  ;  but  the 
walls  were  hot  to  start  with,  and,  as  the  water  touches  them — it 
being  cooler  than  they — heat  will  flow  into  it  and  some  of  it  be 
reevaporated.  Thus  the  walls  will  be  kept  dry  until  exhaust. 
During  exhaust  some  heat  will  flow  into  the  cold  steam  from 
the  cylinder,  but  the  amount  will  be  small  on  account  of  the  poor 
conductivity  of  the  layer  of  dry  steam  next  the  cylinder  walls. 
At  admission  there  will  be  no  layer  of  water  to  be  heated 
by  the  incoming  steam;  but  the  walls  themselves  have  given 
up  some  of  their  heati,  and  hence  their  temperature  has  fallen 
below  that  of  the  admission  steam,  and  heat  will  be  required  to 
restore  them  to  their  original  condition.  This  will  call  for  the 
condensation  of  steam  to  furnish  the  heat,  and  the  water  from 
this  local  condensation  will  be  deposited  on  the  surfaces  to 
which  the  heat  is  surrendered.  This  will  continue,  on  the  fresh 
surface  exposed  to  the  steam  by  the  moving  piston,  up  to  the 
point  of  cut-off.    During  expansion  the  walls  and  their  water 

♦  Enffinecfiriff  Ee*earches,  toI.  i.,  p.  180. 
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D  8CU88I0N. 

Mr.  R.  S.  Hale. — Professor  Carpenter's  paper  is  exceedingly 
interesting  and  valuable,  but  I  fail  to  find  in  it  the  data  to  make 
clear  one  or  two  points,  and  I  disagree  partially  with  the  statement 
on  the  bottom  of  page  940  as  to  a  safe  method  to  be  used  in  test- 
ing coals  for  moisture, 

In  regard  to  the  absorptive  capacity  of  coals  of  different  sizes, 
I  have  found  when  drying  two  samples  of  coal,  the  one  of  lump 
size  and  the  other  of  fine  coal,  that  at  first  the  fine  coal  lost  by 
far  the  most  weight,  but  that  toward  the  end  of  the  experiment  it 
was  the  lump  coal  which  showed  the  greatest  differences  on  suc- 
cessive readings.  The  indication  was  that  if  the  experiment  had 
been  continued  long  enough  both  the  lump  and  the  fine  coal 
would  have  given  the  same  results.  Now,  in  the  experiments  in 
the  paper  it  is  shown  on  page  942  that  it  took  one  week  for  some 
samples  of  fine  coal  to  reach  a  constant  condition.  The  lump  sam- 
ples on  page  941  were,  some  of  them,  eight  or  ten  times  os  thick 
as  the  samples  of  fine  coal,  and  might,  therefore,  be  expected  to 
take  a  proportionate  time  before  reaching  a  constant  condition.  The 
experiment  on  page  941  was,  however,  apparently  continued  only 
five  weeks,  and  no  data  are  given  to  show  that  the  lump  coals  might 
not  have  gone  on  increasing  in  weight  for  some  time,  nor  are  there 
any  data  to  show  that  before  beginning  the  experiment  they  had 
been  brought  to  the  same  condition  as  the  samples  of  fine  coal. 
In  regard  to  the  latter  point,  as  to  whether  the  samples  were  in 
the  same  condition  when  beginning  the  experiment,  it  is  implied 
that  the  coals  were  dried  for  one  hour  at  220  to  240  degrees  Fahr., 
and  this  brings  me  to  the  point  on  which  I  t;ike  issue  with  Pro- 
fossor  Carpenter.  On  the  bottom  of  page  940  he  states  that  it  is 
entirely  safe  to  use  this  method  of  diying  coal  in  testing  loileis, 
saying  that  he  finds  no  loas  of  volatile  matter  after  drying  for  three 
hours.  The  chief  dfflBculty  with  this  or  any  method  of  drying  yet 
])roposed  is  not  that  volatile  matter  is  given  off,  but  that  oxygen  is 
absorbed  while  drying.  Fischer  {Chem,  Tech,  i\  d.  Brevnstoffe^ 
p.  108)  gives  the  following  experiment:  Coal  was  dried  for  three 
hours  in  two  litres  of  air  which  had  previously  been  freed  from 
all  moisture  and  carbonic  acid.  The  temperature  was  110  <o  100 
degrees  C.  After  the  drying,  the  air  was  found  to  contain  1.844 
per  cent,  of  water  and  0.196  per  cent,  of  carbonic  acid,  carbon, 
and  hydrogen,  making  2.04  per  cent,  in  all     But  the  loss  of 
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weight  of  the  tsoal  was  only  1.778  per  cent,  showing  that  the  coal 
had  been  absorbing  oxygen.  The  same  action  lias  been  noticed 
by  many  experimenters.  In  my  own  practice  I  onc^  dried  a 
sample  of  coal  until  it  showed  a  negative  amount  of  moisture. 
Prof.  V.  B.  Lewes  speaks  of  an  increase  of  weight  of  2  per  cent 
when  heated  to  250  degrees  Fahr.  after  previous  drying,  an 
amount  which  would  not  be  negligible  in  a  boiler  test.  If  Pro- 
fessor Carpenter  has  in  use  any  method  which  gets  rid  of  this  dif- 
ficulty, it  is  to  be  hoped  that  he  will  give  the  details  to  the  Society. 
The  absorption  of  oxygen  by  the  coal  is  now  known  to  be  the 
cause  of  spontaneous  combustion,  and  any  method  of  preventing 
such  absorption  will  be  of  great  importance  to  others  besides 
those  of  us  who  test  boilers. 

Mr.  Wm.  Kent — ^I  think  this  paper  of  Professor  Carpenter's 
results,  in  some  degree,  from  a  correspondence  which  I  had  with 
him  during  the  past  year  oq  the  subject  or  drying  and  analyzing 
coal.  In  connection  with  a  series  of  boiler  tests  which  I  made  last 
year,  I  sent  samples  of  twenty  diflferent  coals  to  Professor  Carpen- 
ter to  have  him  make  calorimeter  tests  and  proximate  analyses, 
and  called  his  attention  to  the  necessity  of  thoroughly  drying  the 
coal ;  and  I  communicated  to  him  my  method  of  drying  coal, 
which  Professor  Carpenter  has  since  confirmed — that  is,  that  the 
coal  must  be  heated  to  over  240  degrees — say,  from  240  to  300 
degrees.  I  informed  him  at  the  time  that  I  had  found  that  there 
is  no  loss  whatever  of  volatile  matter  at  that  temperature.  The 
first  public  announcement  which  I  made  of  that  fact  was  in  revising 
my  closing  discussion  of  the  paper  read  at  the  St.  Louis  meeting 
{TransactioTiiSy  vol.  xvii.,  p.  671),  answering  a  criticism  made  con- 
cerning drying  coal  at  too  high  temperature.  In  that  discussion 
I  stated  that  I  found  no  Joss  in  volatile  matter  at  a  temperature 
below  300  degrees,  and  Professor  Carpenter  now  confirms  that 
statement  Mr.  Hale  takes  issue  with  Professor  Carpenter,  but 
offers  no  data  to  substantiate  his  position.  It  is  often  said  by 
writers  on  this  subject  that  volatile  matter  is  lost  in  drying  coal 
even  as  low  as  212  degrees.  I  have  not,  however,  been  able  to 
find  any  reference  showing  any  proof  of  that  statement,  and  my 
own  results  with  twenty  different  kinds  of  coal,  running  from  Pitts- 
burg out  to  Illinois,  have  never  shown  any  reduction  of  weight 
after  heating  even  to  350  degrees,  but  in  all  cases,  after  reachii^ 
a  minimum  weight,  a  slight  increase  in  weight  took  place,  probably 
due  to  oxidation.     The  method  which  I  finally  used  to  determine 
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tlie  moiBtore  in  these  coals  may  be  described  briefly  as  follows : 
Having  obtained  an  average  sample  of  the  coal  used  in  the  boiler 
tests,  using  especial  precautions  to  prevent  its  being  air-dried 
during  the  process  of  sampling,  it  is  run  through  a  coffee  mill 
adjusted  so  as  to  make  rather  coarse  grains ;  40  grammes  are  then 
dried  in  a  sand  bath  at  from  240  to  280  degrees,  until  it  has 
reached  a  minimum  weight  (as  determined  by  repeated  weighings 
after  heating  an  hour  or  more  between  each  weighing)  and  begins 
to  show  an  increase  in  weight.  The  weighings  were  made  on  a 
torsion  balance  prescription  scale,  to  one  centigramme,  or  one 
part  in  4,000. 

So  far  as  1  have  gone,  this  is  the  best  way  I  know  of  to  deter- 
mine the  moisture  in  coal ;  but  the  moisture  thus  determined  will 
not  be  quite  high  enough — that  is,  there  may  be  an  error  of  one- 
quarter  of  a  per  cent,  due  to  oxidation  of  the  coal.  Now,  in  regard 
to  the  proofs  of  this  method  of  testing.  The  duplication  of  results 
was  extraordinary,  frequently  coming  to  one  or  two  tenths  of  one 
per  cent.,  and  after  reaching  the  minimum  the  increase  by  oxida- 
tion would  be  an  extremely  small  fraction,  usually  not  over  0.1  per 
cent.  The  question  now  is,  Did  we  lose  volatile  matter  or  not? 
One  test  was  made  by  putting  the  coal  into  a  closed  retort,  heat- 
ing it,  and  passing  the  gaseous  products,  if  any,  into  a  jar  inverted 
in  water.  On  heating  to  350  degrees  no  gases  were  found. 
Another  was  to  take  a  piece  of  lump  coal,  which  to  all  appearance 
was  dry,  from  under  a  shed,  where  it  had  been  for  a  long  time,  and 
treat  it  by  this  rapid  method  of  heating  to  from  240  to  280  degrees ; 
and  take  a  duplicate  piece  and  put  it  in  a  desiccator  over  concen- 
trated sulphuric  acid,  and  let  it  remain  two  months.  Two  pieces 
of  niinois  coal  thus  treated  lost  14  per  cent,  of  moisture  in  two 
months  by  each  of  the  two  methods  of  drying.  Then,  again,  tak- 
ing that  dried  coal  which  was  dried  by  heating  to  240  or  280,  and 
exposing  that,  where  it  would  not  be  touched,  to  the  ordinary  air 
for  two  months,  and  it  absorbed  back  the  whole  14  per  cent.  So 
the  results  were  checked  in  several  different  ways.  There  can  be, 
no  doubt,  other  methods  devised  by  chemists  to  determine  it  with 
still  greater  accuracy,  by  taking  the  retort  of  coal  arid  fiUing  it 
full  of  nitrogen  gas  to  avoid  oxidation,  heating  it,  absorbing  the 
moisture  driven  off  in  chloride  of  calcium,  and  determining  the 
moisture  by  the  increase  in  weight  of  the  chloride  of  calcium  as 
well  as  by  the  decrease  in  weight  of  the  coal. 

Mr.  Qvs.  C,  Henning. — The  experiments  in  the  paper  are 
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based  on  a  fundamental  method,  which  is  criticised  in  the  paper 
itself.  At  the  bottom  of  page  939  it  says :  "  The  eflfect  of  the 
size  of  particles  is  quite  decided.  The  larger  the  particle  the 
less  tbe  weight  of  moisture  which  is  absorbed.  This  indicates 
that  the  absorptive  power  is  in  part  due  to  capillary  action  of  the 
surface.'*  In  spite  of  this  fact,  Professor  Carpenter  bas  made  no 
attempt  to  get  a  uniform  size.  He  says  in  the  case  of  fine  pow- 
dered coal  he  passed  it  all  through  a  No.  80  sieve.  Now, 
passing  it  through  an  80  sieve  means  that  it  has  all  the  degrees  of 
fineness  of  powder  which  has  passed  through  that  sieve.  What 
he  should  Iiave  done  is  to  pass  all  of  the  powdered  material 
through  a  No.  80  sieve,  and  then  take  out  all  the  very  fine 
material  by  using  a  finer  sieve  ;  then  a  material  which  is  nearly 
uniform  would  be  obtained.  And  he  must  determine  beforehand 
how  much  finer  the  second  sieve  must  be  in  order  to  get  an  appro- 
priate sieve  for  the  purpose  of  his  work,  because  the  amount  of 
material  that  is  used  and  the  moisture  contained  therein  are  very 
minute  indeed.  Then  we  come  to  the  next  paragraph,  where  he 
describes  the  use  of  larger  shapes — one  inch,  half  inch,  quarter 
inch,  a-nd  powdered  so  as  to  pass  through  sieves  of  60  to  the 
inch.  Here  again  is  the  same  error.  It  is  pointed  out  that  there 
are  errors  due  to  irregular  sizes,  and  I  again  ask  why  does  he 
not  separate  the  pieces  and  get  one  uniform  grade?  Then  he  says 
the  shapes  were  irregular.  I  should  say  it  is  not  very  difficult  to 
obtain  pieces  of  anthracite  and  of  soft  coal  of  various  kinds  which 
are  sized  very  closely,  even  if  it  takes  a  stone  or  a  file  or  something 
else  to  get  them  to  size.  There  is  one  thing  which  I  think  is 
rather  striking,  and  that  is  the  small  amount  of  absorption  in 
coking  coal,  while  in  the  anthracite  coal  it  is  very  much  more. 
There  is  a  great  variation  in  the  Eastern  coking  coal  in  the  figures 
given.  It  will  be  seen  that  it  varies  from  nearly  7  up  to  13.16, 
while  in  the  anthracite  coal  the  variation  is  very  small — ^from  4.66 
to  6.87.  That  shows  that  in  the  case  of  anthracite  the  results 
were  tolerably  good,  but  in  the  case  of  Eastern  coking  coals  he 
found  such  a  great  variety  that  he  is  not  justified  in  drawing  the 
conclusion  that  the  average  is  1.92.  He  cannot  grade  the  two 
materials  together.  In  the  case  of  the  Illinois  coal  he  has  taken 
coal  that  has  a  moisture  of  4.65  up  to  1410.  Those  cannot  be 
averaged.  There  should  be  two  averages,  which  is  in  one  case 
12i  per  cent,  and  in  the  other  case  not  over  6  per  cent.,  while  his 
average  is  9.77.    These  should  be  separated  into  dififerent  kinds 
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of  coal,  and  then  the  average  will  appear  very  mach  better ;  and 
I  tliink  when  that  is  taken  into  account  and  when  this  difference 
in  size  is  eliminated  his  results  will  be  much  more  uniform  than 
they  are  given  in  the  paper. 

Mr,  Kent — I  did  not  say  anything  in  my  remarks  abont  the 
sizes  mentioned  in  Professor  Carpenter's  paper.  I  simply  wish 
to  add  that  I  found  the  same  amount  of  moisture  in  a  sample  of 
lump  coal  one  or  two  inches  in  diameter  which' I  found  in  a  dupli- 
cate sample  that  was  crushed  in  a  coffee  mill,  providing  the  diy- 
ing  was  continued  long  enough.  It  took  longer  to  dry  the  lump 
coal.  Now,  the  capillary  attraction  on  the  surface  does  account 
largely  for  the  moisture  in  the  fine  coal,  and  it  seems  that  in  the 
Western  coking  coals  the  moisture  is  of  the  same  character  as  the 
moisture  in  wood ;  and  I  will  ask  to  add  to  my  discussion  a  quo- 
tation from  Professor  Johnston's  recent  work,  showing  just  what 
happens  when  you  diy  a  piece  of  wood.  Tou  never,  at  any  ordi- 
nary temperature,  can  get  a  piece  of  pine  wood  diy.  If  you  keep 
the  heat  on  you  will  finally  destroy  the  wood.  If  you  get  it  what 
they  call  kiln-dry  and  then  expose  it  to  ordinary  atmosphere,  it 
will  continue  absorbing  moisture  until  it  has  the  normal  amount 
of  moisture.  .  So,  with  the  Illinois  coals  they  act  the  same  way : 
if  you  dry  them  and  then  expose  them  to  the  ordinary  air,  they 
will  get  all  the  moisture  back  again  and  hold  it  by  capillary 
attraction  in  the  minute  particles  inside  the  coal. 

Prof,  R,  C.  Carpentei*,* — There  seems  little  to  be  stated  in 
respect  to  the  discussion,  except  to  clear  away  some  misapprehen- 
sions which  are  evidently  the  results  of  a  misunderstanding  of 
the  case.     ' 

In  respect  to  Mr.  Hale's  remarks,  I  would  say,  first,  that  there 
is  no  statement  on  page  941  that  it  took  four  weeks  for  the  coal  to 
attain  its  driest  condition,  nor  was  any  such  an  impression  in- 
tended to  be  conveyed.  The  entire  experiment,  which  included 
many  repeated  dryings  and  moistenings,  occupied  the  time  of  four 
weeks.  The  actual  time  required  to  dry  a  sample,  instead  of 
being  four  weeks,  was  less  than  one  hour,  in  view  of  which  Mr. 
Hale's  inference  and  argument  seem  entirely  gratuitous.  It  is 
doubtless  true  that  a  large  piece  of  lump  coal  would  dry  more 
slowly  than  fine  coal,  but  that  question  has  not  been  under  con- 
sideration in  the  paper.  I  do  not,  however,  enter  upon  the  ques- 
tion whether  or  not  it  would  contain  move  moisture.  In  regard 
*  Author's  dosare,  under  the  Bales. 
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to  the  gain  or  loss  of  weight,  I  would  say  that  we  have  carried  on 
some  very  extensive  experiments  in  relation  to  the  amonnt  of 
moistore  which  is  absorbed,  driven  off,  and  reabsorbed,  using  for 
this  purpose  samples  of  coal  from  fifteen  mines  in  this  country 
which  were  widely  separated.  The  publication  of  this  investi- 
gation will  be  given  in  full  at  a  later  time,  but  the  investigation 
seems  to  show — First :  That  with  the  most  volatile  coals  there  is 
no  sensible  loss  of  weight  due  to  the  driving  off  of  volatile  matter 
under  a  temperature  of  380  degrees  Fahr.,  and  with  anthracite 
coals  there  is  no  sensible  loss  under  a  temperature  of  700  degrees 
Fahr.  Second :  Begarding  the  gain  in  weight  which  we  found  to 
commence  under  certain  conditions  after  the  coal  was  exposed  to 
the  atmosphere,  and  which  Mr.  Hale  attributes  to  the  absorption 
of  oxygen,  we  found  that  if  the  coal  was  weighed  in  the  presence 
of  sulphuric  acid,  or  before  it'  had  any  chance  to  absorb  moisture 
from  the  air,  no  gain  was  experienced  in  any  case.  We,  further- 
more, found  that  coal  would  absorb  a  certain  amount  of  moisture 
from  the  air  almost  instantly,  and  in  a  saturated  atmosphere  it 
would  return  to  its  original  weight  in  the  course  of  fifty  to  eighty 
minutes.  This  investigation  leads  me  to  believe  that  the  gain  in 
weight  to  which  Mr.  Hale  refers  is  due,  not  to  absorption  of  oxy- 
gen from  the  atmosphere,  but  to  the  absorption  of  moisture ;  and 
I  feel  very  certain  that  if  Mr.  Hale  will  prevent  his  coal  from 
absorbing  moisture,  he  will  find  no  gain  in  weight  under  any  con- 
ditions whatever. 

I  am  more  than  ever  convinced  from  this  latter  investigation 
that  it  is  perfectly  safe  and  proper  to  dry  coals  at  a  temperature 
of  350  degrees,  and  believe  there  will  be  neither  further  decrease 
or  increase,  provided  the  coals  can  be  weighed  entirely  free  from 
the  chance  of  absorbing  moisture. 

Mr.  Kent's  experience,  which  is  backed  up  by  a  very  extensive 
investigation,  is  entirely  in  harmony  with  my  own,  and  I  believe 
it  absolutely  correct. 

Mr.  Henning's  discussion  with  relation  to  the  size  of  pieces  is, 
it  seems  to  me,  of  little  weight,  and  if  of  any  importance  what- 
ever, the  matter  is  entirely  answered  by  referring  to  the  diagram 
on  page  940;  there  it  will  be  noticed  that  the  effect  of  size  is 
not  of  the  importance  that  Mr.  Henning  would  have  us  believe 
— in  fact,  I  may  say  that,  if  the  experiment  had  been  extended 
over  a  suflBciently  long  time,  it  would  absolutely  he  without  influ- 
ence.    The  only  effect  that  size  of  particle  has  upon  the  result 
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is  to  vary  the  time  wbicb  is  reqaired  for  the  absorption  of  a  given 
amount  of  moislnre,  and  had  the  experiments  continued  over  a 
longer  time,  it  would  have  been  absolutely  without  effect.  The 
paper  shows  a  remarkable  difference  in  the  absoiptive  power  of 
different  coals ;  but,  on  the  other  hand,  it  shows  a  remarkable 
uniformity  in  coals  from  certain  districts  and  a  lack  of  uniformity 
in  coals  from  other  districts.  It  is  not,  however,  to  be  presumed 
that  the  averages,  for  instance,  in  the  coal  districts  of  Illinois  and 
Indiana,  when  there  is  a  great  variation,  are  of  any  great  value 
in  indicating  the  amount  of  moisture  from  any  mine. 

Tbe  writer  has  reason  to.believe  that  the  cause  which  lead  to 
the  investigation  described  in  the  paper  was  not  understood  by 
Mr.  Henning ;  otherwise  the  point  which  he  has  made  regarding 
the  size  of  coal  would  not  have  seemed  so  important.  The  follow- 
ing explanation  may  throw  some  light  on  this  point,  and  had  it 
been  stated  in  the  paper,  I  feel  that  such  a  misunderstanding 
would  not  have  arisen. 

In  reviewing  the  work  connected  with  certain  boiler  tests,  it 
was  noted  that  in  some  iustances  the  coiTection  for  moisture  in 
the  coal  was  only  3  or  4  per  cent.,  while  in  others  it  was  as  high 
as  16  per  cent.  Tliis  latter  number  was  so  very  great  that  the 
writer  was  inclined  to  doubt  the  accuracy  of  the  results  of  the 
boiler  tests  in  question.  The  investigation  was  undertaken  to  find 
out  the  capacity  of  different  coals  under  the  same  condition  to* 
absorb  and  retain  moisture,  and  quite  naturally  the  coals  were 
reduced  to  the  same  physical  condition  and  to  a  condition  in 
which  they  would  absorb  quickly  the  maximum  amount  of  water. 
The  investigation  was  simply  a  comparative  one,  the  important 
step  that  all  the  coals  be  in  the  same  physical  condition  being 
fully  complied  with.  The  effect  of  slight  variation  in  sizes  was 
determined  by  later  investigation  fully  described  in  the  paper. 
61 


960  THE  LAWS  OF  OYUNDSB  COKDENSATION. 


DCCXLU.* 
THE  LAWS  OF  CYLINDER  CONDENSATION. 

BT  ABTHUR  L.  RICK,  BBOOKLTK,  N.  T. 

(Janior  Member  of  the  Society.) 

The  losses  in  the  steam  engine,  aside  from  the  thermodynamic 
loss  which  is  due  to  the  method  of  transformation  and  cannot 
be  avoided  so  long  as  the  present  method  is  used,  are  those  of 
clearance,  radiation,  initial  condensation,  and  friction.  The 
greatest  cause  of  loss  is  condensation,  as  will  be  seen  by  refer- 
ence to  Fig.  302)  where  the  relation  of  steam  consumption  and 
ratio  of  expansion  is  shown  for  120  pounds  absolute.  Curve  A 
is  for  the  ideal  engine  of  Bankine,  with  non-conducting  cylinder, 
no  condensation  and  no  clearance  ;  B  for  the  same  engine,  with 
the  loss  due  to  7.6  per  cent,  clearance  added ;  C  for  the  same 
engine,  with  conducting  cylinder  and  condensation  loss ;  D 
for  the  brake  power  of  the  engine  ;  i.e.,  with  friction  loss. 
The  vertic€d  distance  along  an  ordinate  between  A  and  B 
measures  the  increase  in  steam  consumption  due  to  clearance, 
between  B  and  C  that  due  to  condensation,  between  C  and  D 
that  due  to  friction.  A\  B\  C\  and  D'  are  corresponding  eflB- 
ciency  curves,  and  vertical  distances  between  them  measure 
corresponding  losses  of  efficiency.  The  radiation  loss  was  too 
small  a  variation  to  be  shown  on  the  diagram. 

The  importance  of  the  condensation  loss  is  also  shown  in  the 
business  world  by  the  great  expense  incurred  for  jacketing  and 
compounding  engines  in  order  to  reduce  it  somewhat,  and  by 
the  saving  effected  by  engines  with  these  preventive  features 
over  those  without  them.  By  the  means  mentioned,  the  conden- 
sation has  been  reduced  greatly  and  much  higher  pressures  can 
be  used,  with  a  proportional  degree  of  expansion  and  correspond- 
ing economy ;  but  if  pressures  are  to  go  on  rising,  it  is  impor- 

♦  Presented  at  the  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Mechanical  Eogineers,  and  forming  part  of  Volume  XYIII.  of  the  Tranmetion$. 
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tant  to  reduce  the  loss  still  farther,  and  in  order  to  do  this  we 
must  get  at,  so  far  as  possible,  the  laws  governing  condensation. 
For  engineering  purposes  the  condensation  per  horse-power 
hour,  or  expressed  as  a  per  cent  of  total  steam  used,  would 
seem  most  convenient,  and  these  two  quantities  were  investigated. 
The  latter  was  found  to  be  the  one  for  which  most  satisfactory 
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results  could  be  obtained,  and  has  been  retained  in  the  dis- 
cussion. 

THE  ACTION  OP  CONDENSATION. 


For  the  sake  of  a  better  understanding  of  the  phenomenon  of 
condensation  it  is  worth  while  to  see  what  are  the  causes  leading 
to  it.  Consider  •  first  the  action  of  the  Kankine  ideal  engine. 
This  has  anon-conducting  cylinder,  admits  steam  with  immediate 
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rise  in  pressure,  maintains  the  pressure  constant  to  cut-off, 
expands  adiabatically,  releases  with  immediate  drop  to  back 
pressure,  and  exhausts  at  constant  pressure.  The  cylinder  will 
not  absorb  heat  There  is  no  clearance  and  no  chance  for  heat 
loss  except  that  due  to  the  nature  of  the  cycle.  During  admis- 
sion the  work  is  due  to  the  generation  of  new  steam  in  the  boiler, 
that  in  the  cylinder  acting  simply  as  a  medium  for  the  trans- 
mission of  force ;  after  cut-off,  the  steam  works  expansively, 
transforming  some  of  its  internal  energy  into  work,  and,  as  a 
consequence,  some  of  the  steam  musfc  condense  in  order  to 
furnish  the  heat  so  transformed.  The  condensation  goes  on 
throughout  the  mass  of  the  steam,  and  the  water  particles  thus 
formed  are  held  in  suspension  in  the  form  of  a  mist  The 
amount  of  this  condensation  is  proportional  to  the  amount  of 
expansion,  and  is  but  a  small  percentage  of  the  total  steam 
except  for  very  high  ratios  of  expansion.  The  condensed  steam 
which  may  cling  to  the  sides  and  heads  of  the  cylinder  and  to 
the  piston  will  remain  in  the  cylinder  except  as  swept  out  by  the 
piston  on  the  exhaust  stroke.  That  which  remains  in  suspension 
in  the  mass  of  the  steam  will  be  carried  out  at  the  exhaust  with 
the  steam.  The  water  which  remains  clinging  to  the  walls  of 
the  clearance  space  will  fall,  during  exhaust,  to  the  temperature 
corresponding  to  exhaust  pressure.  On  admission  this  water 
will  take  up  heat  from  the  incoming  steam  until  it  rises  to  the 
temperature  of  that  steam,  and  to  furnish  the  heat  needed  some 
of  the  fresh  steam  will  be  condensed.  The  condensation  will  be 
due  to  contact  with  the  cooler  water  and  will  be  local  at  the 
points  on  surfaces  where  such  water  exists.  The  water  formed 
by  this  action  will  be  added  to  that  already  existing,  thus 
increasing  the  size  of  the  drops  or  the  thickness  of  the  film 
on  the  clearance  surfaces.  During  admission  no  further  con- 
densation will  occur,  but  during  expansion  there  will  be  the 
same  condensing  action  as  on  the  previous  stroke  throughout 
the  mass  of  the  steam ;  there  will  be  the  same  tendency  for  some 
of  the  water  thus  formed  to  cling  to  the  walls  as  on  the  first 
stroke,  and  some  of  it  will  unite  with  the  film  already  on  the 
clearance  surfaces  to  increase  its  thickness.  To  evaporate  at 
exhaust  pressure  the  water  so  added  would  require  the  expen- 
diture by  the  water  film  of  the  latent  heat  of  vaporization  at 
that  pressure  for  such  amount  of  water  as  is  evaporated.  There 
is  available  only  the  heat  due  to  the  fall  of  the  water  film  from 
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the  temperature  of  admission  to  that  of  exhaust.  This  is  obvi- 
ously not  sufficient  to  evaporate  both  the  addition  froin  con- 
densation during  admission  and  that  from  expansion,  so  that 
the  clearance  surfaces  arrive  at  admission  with  a  little  more 
water  upon  them  than  at  the  end  of  the  first  exhaust  stroke. 
The  same  thing  will  occur  in  succeeding  strokes,  the  film  of 
water  growing  a  little  thicker  during  each  cycle  until  the  limit 
is  reached  when  more  water  refuses  to  adhere  to  the  clearance 
surfaces.  Thus  we  see  that  to  have  initial  condensation  we  do 
not  need  a  conducting  cylinder,  only  adiabatic  expansion.  In 
regard  to  this  Isherwood  says  that  the  *'  initial  cause  of  conden- 
sation is  the  dew  deposited  from  external  radiation  and  adia- 
batic expansion."  * 

The  larger  the  expansion  the  sooner  will  the  condensation 
come  to  its  limit,  but  it  will  reach  it  sooner  or  later.  If  there 
be  no  expansion  there  will  be  no  condensation. 

Let  us  now  consider  what  will  be  the  course  of  events  if  the 
cylinder  be  capable  of  absorbing  and  giving  up  heat.  Let  the 
cylinder  be  as  warm  as  the  entering  steam  and  the  walls  free 
from  moisture.  During  admission  for  the  first  stroke  we  shall 
have  the  same  action  as  in  a  non-condensing  cylinder ;  during 
expansion  there  will  be  condensation,  as  before,  and  the  same 
tendency  for  some  of  the  moisture  to  cling  to  the  walls  ;  but  the 
walls  were  hot  to  start  with,  and,  as  the  water  touches  them — it 
being  cooler  than  they — heat  will  flow  into  it  and  some  of  it  be 
reevaporated.  Thus  the  walls  will  be  kept  dry  until  exhaust. 
During  exhaust  some  heat  will  flow  into  the  cold  steam  from 
the  cylinder,  but  the  amount  will  be  small  on  account  of  the  poor 
conductivity  of  the  layer  of  dry  steam  next  the  cylinder  walls. 
At  admission  there  will  be  no  layer  of  water  to  be  heated 
by  the  incoming  steam;  but  the  walls  themselves  have  given 
up  some  of  their  heat,  and  hence  their  temperature  has  fallen 
below  that  of  the  admission  steam,  and  heat  will  be  required  to 
restore  them  to  their  original  condition.  This  will  call  for  the 
condensation  of  steam  to  furnish  the  heat,  and  the  water  from 
this  local  condensation  will  be  deposited  on  the  surfaces  to 
which  the  heat  is  surrendered.  This  will  continue,  on  the  fresh 
surface  exposed  to  the  steam  by  the  moving  piston,  up  to  the 
point  of  cut-off.    During  expansion  the  walls  and  their  water 

♦  En/rineerififf  Be$eiirches,  toI.  i.,  p.  180. 
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film  will  giye  up  heat  to  the  water  of  expansion  which  oomen  in 
contact  with  them,  the  amount  of  the  action  depending  on  the 
ratio  of  expansion  ;  at  release  the  temperature  of  the  steam  will 
fall  to  that  due  to  the  back  pressure,  the  film  of  water  will  give 
up  heat  to  the  steam,  or  will  itself  partly  evaporate  until  the 
remainder  reaches  the  temperature  of  exhaust ;  then  heat  will 
flow  from  the  hotter  cylinder  walls  to  evaporate  that  remaining. 
The  walls  will  thus  be  deprived  of  more  heat  than  on  the  previ- 
ous stroke,  for  there  will  be  abstracted,  by  the  film  condensed 
during  admission,  nearly  as  much  as  it  gave,  and,  in  addition, 
that  needed  to  evaporate  the  water  particles  due  to  expansion 
which  touch  the  wall.  Thus  at  admission  the  walls  will  be  dry, 
but  at  a  lower  temperature  than  at  the  end  of  the  former 
exhaust  stroke.  During  the  third  admission  more  steam  will  be 
condensed  to  heat  the  cylinder  than  during  the  second ;  during 
the  third  expansion  and  exhaust  more  heat  will  be  given  up  by 
the  walls  than  during  the  second,  so  that  at  the  end  of  the  third 
exhaust  stroke  the  cylinder  will  be  cooler  than  at  the  end  of  the 
second.  The  action  will  thus  be  cumtdative,  the  limit  being  set 
either  by  the  water  which  can  adhere  to  the  cylinder  or  by  the 
capacity  of  the  walls  for  absorbing  and  rejecting  heat.  During 
exhaust,  after  the  adherent  water  has  all  been  evaporated  there 
will  be  almost  no  heat  given  up  by  the  cylinder  on  account  of 
the  poor  conducting  power  of  the  dry  steam,  but  during  admis- 
sion, expansion,  and  the  early  part  of  exhaust  the  heat  inter- 
change will  be  much  greater  between  the  walls  and  the  steam 
than  between  the  water  film  and  the  steam  in  a  non-conducting 
cylinder.  If  there  be  no  expansion,  there  will  be  some  condensa- 
tion due  to  the  rise  and  fall  of  temperature  of  the  cylinder 
walls,  but  the  action  will  be  slight.  Isherwood  says :  "  On  the 
whole,  there  is  probably  but  a  trifling  difference  in  the  loss  by 
the  lowering  of  the  temperature  of  the  cylinder  metal  by  the 
superheating  of  the  steam  or  vapor  within,  whether  the  steam  be 
used  with  or  without  expansion."* 

We  have  seen  how  condensation  acts  by  absorption  and  re- 
jection of  heat ;  also  that  it  is  due,  for  the  most  part,  to  the  con- 
densation of  steam  during  adiabatic  expansion,  but  to  some 
extent  to  the  rise  and  fall  in  temperature  of  the  absorbent  cyl- 
inder walls.     To  avoid  it  utterly,  all  condensation  during  expan- 

^ Engineering  EBBearchen,  voL  1.,  p.  126, 
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sion  must  be  avoided,  or  we  musthaye  a  cylinder  surface  which 
is  non- absorbent  of  heat  and  to  which  water  cannot  adhere. 

In  the  actual  engine,  probably,  the  loss  is  produced  partly 
by  the  metal,  partly  by  the  water,  and  the  part  which  each  takes 
in  the  action  is  continually  varying. 

If  there  were  no  lag  of  the  temperature  of  the  walls  behind 
that  of  the  steam,  the  metal  would  go  through  the  full  tempera- 
ture range  due  to  the  change  in  pressure  from  admission  to 
exhaust  at  each  stroke.  Fortunately  there  is  lag.  The  con- 
densed steam  is  all  evaporated  soon  after  release,  and  before  the 
walls,  except  at  the  very  inner  surface,  have  reached  the  tem- 
perature of  exhaust.  After  that  the  rejection  of  heat  to  the  dry 
steam  is  slow,  and  the  walls  may  not  be  much  below  the  tem- 
perature at  release  when  the  entering  steam  of  a  new  cycle 
strikes  them.  At  admission,  however,  steam  condenses  on  the 
surfaces,  giving  a  good  conducting  film  of  wet  steam,  and  heat 
will  flow  into  the  walls  until  they  have  attained  the  maximum 
temperature  of  the  steau).  Thus  the  walls  may  be  hotter,  but 
never  much  colder,  than  the  steam  in  the  cylinder.  If  we  can 
keep  the  walls  dry,  or  a  layer  of  dry  or  superheated  steam  next 
them,  it  will  reduce  the  action,  for  the  walls  will  give  up  less 
heat  during  expansion  and  exhaust,  and  consequently  take  u]) 
less  during  admission.  Also  the  less  the  rate  of  expansion  iu  a 
cylinder  the  less  will  be  the  condensation  due  to  expansion,  and 
the  less  will  be  the  heat  taken  from  the  walls  by  the  steam  next 
them  during  exhaust.  On  these  facts  the  expedients  depend  for 
their  success  which  have  been  employed  to  reduce  the  evil. 

FACTORS  THAT  CONTROL  CONDENSATION. 

Having  seen  how  important  a  source  of  loss  condensation  is, 
and  how  the  action  proceeds  during  a  cycle,  we  next  wish  to 
know  which  factors  determine  the  amount  of  condensation  in 
any  given  case,  which  are  most  important,  and  how  they  may  be 
so  controlled  as  to  make  the  loss  a  minimum.  In  order  to  get 
at  these  facts  it  will  be  best  to  consider  first  the  laws  of  trans- 
mission of  heat.  We  may  confine  ourselves  to  metals  and  for 
the  most  part  to  iron,  for  with  this  material  only  do  we  have  to 
deal  in  the  real  engine  cylinder.  Evidently  the  best  metal  is 
that  which  has  most  resistance  to  the  flow  of  heat  into  it,  both 
at  the  surface  and  through  the  interior.     Isherwood  found  that 
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the  condactivity  of  metals  is  as  follows,  his  method  of  deter- 
miuaxion  being  to  fill  metal  pots  with  water  at  212  degrees 
Fahr.,  surround  them  with  steam,  and  measure  the  evaporation 
in  a  given  time  :  * 

Copper 1 .000  Wrought  Iron 0.581 

Bra  s  (60Cu,  40  Zn)...  .0.866  Castlron 0.491 

He  found  also  that  between  i  and  f  inch  the  amount  of  heat 
transmitted  was  independent  of  thickness  and  proportional  to 
the  temparature  difference  between  inside  and  outside  surfaces. 
This  would  seem  to  show  that  the  resistanci  to  flow  of  heat  is 
almost  entirely  at  the  surface  of  the  metal ;  hence  that  the  char- 
acter of  the  surface  is  more  important  than  that  of  the  interior, 
an  importance  increased  by  the  fact  that  as  there  is  internal 
resistance  to  the  flow  of  heat  to  and  from  the  metal,  the  por- 
tions near  the  surface  will  be  more  active  in  heat  interchange 
than  those  deeper  ia  the  metal;  hence  they  will  have  a  greater 
temperature  range.  From  the  table,  cast  iron  is  the  best  of  the 
available  metals  so  far  as  conductivity  is  concerned,  and  it  is 
the  one  most  used  for  cylinders. 

The  heat  capacity,  or  specific  heat,  must  have  an  influence  as 
determining  how  much  heat  will  be  absorbed  by  the  layer  of 
metal  in  action  while  going  through  a  given  range  of  tempera- 
ture. If  an  entirely  non-absorbent  and  non-conducting  sub- 
stance could  be  used,  evidently  there  would  be  nothing  but  the 
water  in  the  cylinder  to  produce  condensation,  and  the  action 
would  be  much  reduced.  The  relation  of  specific  heats  is  as 
shown  by  the  following  values  from  Kent's  Mechanical  Engineer's 
Pocket'Booky  p.  457  : 

Braps 0.09  9  Wrought  Iron 0.1188 

Copper 0.0961  Cast  Iron 0.1298 

Cast  iron  will  absorb  more  heat  than  any  other  of  the  com- 
mon metals  which  are  available.  It  would  seem  from  this  that 
a  brass  cylinder  might  ba  a  good  dovice,  but  durability  and  cost 
must  be  considered  as  well  as  heat  capacity,  and,  with  any  metal , 
there  is  still  the  water  film  to  contend  with.  Experiment  has 
shown  that  the  conducting  power  of  a  solid  cylinder  of  bronze 
more  than  balances  the  apparent  benefit  of  small  absorption.t 

*  Shock,  Steam  Boilers,  p.  58. 

t  Donkin,  Proceedings  Inst.  Civil  Eng.,  vol.  cxv„  p.  263. 
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Experiments  have  been  tried  with  various  surface  linings,  but 
none  have  proven  of  sufficient  value  to  come  into  general  use. 
In  respect  to  the  effect  of  the  condition  of  the  sur&ce  there  has 
been  some  experimentation.  Mr.  D.  CroU  found  that  a  cast- 
steel  cup  having  part  of  the  surface  rough  and  part  turned  and 
polished,  when  filled  with  hot  water  would  evaporate  a  film  of 
water  formed  on  the  outside  bj  the  condensation  of  steam  in 
48  seconds  from  the  rough  part  and  in  78  seconds  from  the 
smooth.  This  would  indicate  a  much  more  active  heat  inter- 
change between  the  steam  and  rough  surface  than  between  the 
steam  and  the  smooth  surface.  This  inference  is  apparently  sup- 
ported by  the  action  of  two  engines  built,  the  one  with  rough 
piston  and  cylinder  ends,  the  other  with  the  surfaces  finished  ; 
the  former  seemed  to  work  with  a  great  deal  of  water  in  the  cyl- 
inder, the  latter  quite  dry,  but  no  positive  experiments  have  yet 
been  reported.*  Doctor  Thurston  has  invented  a  method  of 
treatment  for  iron  surfaces  by  pickling  in  acid  to  render  the 
iron  somewhat  porous,  then  coating  with  a  varnish  of  drying 
oil.  He  has  succeeded  in  reducing  the  condensation  40  to  60 
per  cent,  by  this  method.t  This  being  so,  it  is  probable  that 
the  film  of  oil  which  wotdd  collect  on  the  clearance  surfaces 
when  running  will  tend  to  reduce  the  action  of  the  metal.  The 
oil  will  also  be  beneficial  in  tending  to  prevent  water  from  ad- 
hering to  the  walls.  Hence  the  attempts  now  being  made  to 
substitute  graphite  for  oil  in  cylinder  lubrication  may  prove 
injurious  to  economy  from  the  effect  on  condensation. 

Speei. — Initial  condensation  must  evidently  be,  in  some  way, 
proportional  to  the  time  for  either  absorption  or  rejection  of 
heat  by  the  metal.  It  is  more  convenient  to  consider  the  speed 
of  revolution  than  the  time  of  contact  of  the  steam  and  the 
cylinder  wall  in  the  case  of  the  engine,  but  as  such  time  is 
inversely  proportional  to  the  speed,  this  involves  no  difficulty, 
the  speed  factor  being  simply  placed  in  the  denominator. 
Whether  the  time  of  contact  considered  should  be  that  with  the 
admission  steam  or  that  with  the  exhaust,  is  a  matter  admitting 
of  some  debate  ;  the  speed  will  be  proportional  to  either,  so  that 
it  will  make  no  difference  in  the  relative  values  of  the  conden- 
sation at  different  speeds,  but  it  will  make  a  decided  difference 
in  the  formula  for  condensation  at  any  given  speed.     We  have 

♦  TraTisaetions  Institute  Naval  Architects  of  Great  BritaiD,  1894. 
+  Traneaetioiu  A.  S.  C.  E.,  1890. 
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seen  that  initial  oondeDsation  is  prodaoed  by  preyious  evapora- 
tion of  adiabatic  condensation.  On  this  basis  it  would  seem  that 
the  time  of  evaporation — i.e,,  time  of  contact  with  the  exhanst 
steam— will  govern  the  amonnt  of  heat  which  can  be  exchanged 
between  the  two  substances.  This  time  is  generally  longer 
than  the  time  of  contact  with  the  live  steam,  too,  if  the  whole 
period  of  exhaust  is  considered ;  but  in  many  cases  the  water 
film  is  all  evaporated  from  the  wall  early  in  the  return  stroke, 
and  from  that  time  on  the  action  will  be  almost  nothing.  In 
the  case  of  the  admission  the  action  will  continue  up  to  cut-off, 
for  fresh  surface  will  be  coming  into  contact  with  the  live  steam 
all  the  time,  and  the  walls  are  covered  with  moist  steam,  which 
is  a  good  conductor  of  heat.  The  rates  of  absorption  and  rejec- 
tion are  probably  about  equal  so  long  as  moist  steam  is  in  con- 
tact with  the  wall ;  so  that  the  times  of  action  of  the  heat  inter- 
change, during  exhaust  and  admission  are,  perhaps,  not  greatly 
different  As  a  matter  of  scientific  interest,  the  true  limit  may 
be  worthy  of  determination,  but  the  relation  of  condensation  to 
speed  in  revolutions  per  minute  is  the  point  which  is  of  interest 
to  the  engineer  and,  as  has  been  mentioned,  this  relation  will 
be  the  same  whether  the  time  for  exhaust  evaporation  or  admis- 
sion condensation  is  the  one  that  limits  the  action. 

Dr.  Thurston,  in  1881,''^  first  suggested  that  the  condensation 
vigried  in  proportion  to  the  square  root  of  the  speed,  a  result 
derived  independently  in  1882  by  Escher.f  All  experiments 
seem  to  agree  fairly  well  with  this  law.  Other  suggestions 
have  been  those  of  Prof.  W.  D.  Marks  (1886),  who,  considering 
the  tests  of  Messrs.  Gately  and  Kletzsch,  found  the  function 
to  be  the  inverse  first  power ;  X  Mr.  Bodraer  (1889)  who  found 
from  the  tests  of  Mr.  Willans  and  Mr.  English  that  the  variation 
was  inversely  as  the  two-thirds  power  of  the  speed ;  and  Mr. 
Barraclough  (1894),  who  considered  the  one-third  power  as  the 
correct  factor.  For  investigation  on  this  point,  tests  made  by 
Major  English  in  1887,  those  by  Professors  Denton  and  Jacobus 
in  1889,  those  by  Mr.  P.  W.  Willans  in  1893,  and  a  series  made 
by  Messrs.  Marks  and  Barraclough  in  1894  were  considered. 
These  seemed  the  only  ones  on  record  which  were  sufficiently 
complete  and  reliable  for  the  purpose.     The  tests  of  Major 

*  J<nimal  of  the  Franklin  Institvie. 

t  Zeitaehrift  de»  Vereines  Deutseher  Ingeneure, 

I  Journal  of  the  Franklin  JnstitfUe, 
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English  *  were  made  to  determine  the  condensation  on  the  clear* 

ance  surfaces  of  a  slide-valve  engine  with  cylinder  10  inches  in 

diameter  by  14  inches  stroke.     The  connecting  rod  was  discon- 

*  Proceeding*  iDst.  Mech.  Eng'n,  1887. 
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nected  and  the  piston  blocked  at  the  head  end  of  the  cylinder, 
the  crank  end  of  the  cylinder  and  the  port  being  filled  with  wood 
and  iron,  and  the  port  cloded  with  a  brass  plate  scraped  flush 
with  the  valve  seat.  The  shaft  and  eccentric  were  run  by  another 
engine,  the  cut-off  corresponding  to  0.7  stroke.  Experiments 
were  made  at  60,  45,  35,  and  25  pounds  absolute  pressure,  and 
at  130,  100,  70,  and  50  revolutions  per  minute.  The  conditions 
were  not  the  same  as  in  the  working  engine,  and  would  give  the 
effect  due  to  the  iron  alone,  not  that  due  to  the  expansion ;  but 
in  the  slide-valve  engine  the  expansion  is  generally  small,  any- 
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way,  so  that  the  results  may  not  be  far  different  from  those  in  the 
actual  case.  The  percentage  of  condensation  is  reckoned  on  the 
total  amount  as  weighed  from  the  condenser.  This  includes  the 
steam  condensed  and  that  to  fill  the  clearance  only,  so  that  the 
percentage  has  an  abnormally  high  value,  and  only  the  rate  of 
variation  with  speed  can  be  compared  with  the  other  tests.  It 
is  interesting  to  note  how  large  a  portion  of  the  steam  entering 
the  clearance  space  is  wasted  by  condensation. 

Fig.  303  shows  the  relation  of  condensation  as  a  percentage  of 
total  steam  to  speed.  There  is,  in  all  the  curves,  an  increasing 
rate  of  decrease,  with  increase  of  speed  due  doubtless  to  the 
less  amount  of  iron  that  has  time  to  become  active  at  the  higher 
speeds.     The  curves  are  all  of  the  same  general  form,  but  vary 
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oonsiderably  in  position  and  inclination.  As  will  be  seen,  they 
do  not  agree  in  general  form  with  the  curves  from  the  other 
tests  considered,  probably  because  only  the  clearance  was  filled 
with  steam  and  there  was  no  expansion. 

The  tests  of  Professors  Denton  and  Jacobus  *  were  made  on  a 
17  by  30  engine,  with  valve  of  the  Meyer  cut-off  type.    The  engine 
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was  direct  connected  to  an  air  compressor,  could  cut-off  from  0.04 
to  0.9  stroke,  and  could  be  governed  at  from  9  to  90  revolutions 
per  minute.  Tests  were  made  at  90,  60,  and  80  pounds  gauge 
pressure,  at  44,  6.9,  12.6,  18.2,  31.3,  59.9,  and  87.6  per  cent  cut- 
offs and  at  various  speeds.  The  conditions  were  not  kept  as  con- 
stant nor  varied  by  as  regular  a  system  as  is  desirable  in  such 
experimentation,  but  otherwise  the  tests  were  carefully  made. 

*  Proceedings  A.  S.  M.  K,  vol.  x.,  p.  722. 
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Those  at  90  poands  are  the  most  regular  and  niimerons,  and 
they  alone  will  be  considered.  Fig.  304  shows  the  variation  of 
condensation  with  speed  for  this  set  of  tests.  The  action  of 
expansion  and  the  resulting  water  film  seems  to  be  to  make 
the  curves  concave  upwards  instead  of  convex,  but  the  conden- 
sation still  decreases  with  increase  of  speed,  though  not  by  any 
simple  proportion. 

The  tests  of  Mr.  Willans*  were  made  on  a  Willans  central 
piston-valve  engine  having  cylinders  6,  8.5,  and  14  inches  in 
diameter  by  6  inches  stroka     The  engine  was  run  with  the  two 


"Rift** 


900  300 

Speed,  Revolutions  per  Minute 

Fig.  806. 


larger  cylinders  as  a  compound  engine.  The  tests  were  care- 
fully made  and  fully  worked  up,  but  are  disappointing  for  the 
present  purpose  because  of  the  unsystematic  variation  of  con- 
ditions. Fig.  305  shows  the  relation  between  condensation  and 
speed.  The  curves  are  separated  for  the  sake  of  clearness. 
All  have  the  same  general  form.  Fig.  306  shows  these  curves 
brought  together  and  given  the  same  general  trend.  The  form 
is  the  same  as  for  the  Denton  and  Jacobus  tests.  There  is  no 
certainty  of  their  correctness;  they  simply  show  what  may,  from 
the  other  tests  considered,  be  the  approximate  form  and  rela- 
tion of  such  curves  for  this  form  of  engine. 

*  Proeeedingi  Inst.  Civil  Eng'is,  toI.  cxlv..  No.  2622. 
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The  tests  of  Messrs.  Marks  and  Barraclongh  *  were  made  on 
the  high-pressure  cylinder  of  the  Sibley  College  Allis-Corliss 
experimental  engine  in  the  spring  of  1894.  The  engine  is  9  by 
36  inches,  with  jacketed  sides  and  ends ;  the  jackets  were  not, 
however,  used  in  these  tests.  The  engine  was  run  condensing 
at  speeds  of  85,  70,  55,  40,  and  25  revolutions  per  minute,  pres- 
.sures  of  120, 100,  80,  and  60  pounds  absolute,  and  with  a  ratio  of 
expansion  of  about  2.7. 

Fig.  307  shows  the  relation  of  condensation  to  speed  for  these 
tests.  The  curves  are  of  the  same  general  form  as  for  the  other 
tests  and  are  remarkably  regular  and  well  defined.     The  two 
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sets  of  tests  best  planned  and  most  reliable  of  the  whole  number 
give,  for  the  percentage  variation,  similar  forms  of  curves,  and 
those  of  Willans  may  easily  be  of  the  same  general  character. 
Tho  tests  of  English  were  not  under  working  conditions,  and 
their  disagreement  with  these  results  would  therefore  be  no 
argument  against  the  correctness  of  this  form  of  curve.  The 
curves  are  of  the  form  whose  equation  is  yar*  =  a,  or,  transform- 
ing, y  =  ax'^,  where  y  =  condensation  and  x  =  speed.  The 
curves  for  the  tests  of  Denton  and  Jacobus  give  the  following 
constants : 


Katie  of  Expansion. 

a 

b 

1.60 

113.1 

0.498 

2.80 

97.5 

0.821 

4.26 

98.9 

0.266 

*  Proc€eding$  A.  S.  M.  E.,  vol.  xvi.,  p.  988. 
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The  curves  for  Fig.  306  for  WiUans'  tests  were  sketched  roughly, 
the  constants  found,  and  the  curves  then  plotted.  The  constants 
are : 

PreMore.  a                                   b 

125  poaods.  73.2  0.389 

80  pounds.  266.0  0.541 

60  pounds.  868.0  0.728 

85  pounds.  2,620.0  0.901 

For  the  tests  of  Marks  and  Barraclough  the  following  values  were 
found : 

Preuare.  a  b 

120  pounds.  96.8  0.816 

100  pounds.  122.1  0.361 

80  pounds.  158.6  0.402 

60  poands.  190.8  0.414 

For  Denton  and  Jacobus'  tests  the  exponent  varies  from  0.5  at 
1.6  expansions  to  0.25  at  4.25  expansions ;  that  iS;  with  large 
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expansion  the  variation  in  speed  has  less  effect  than  with  small. 
For  the  tests  of  Marks  and  Barraclough,  the  exponent  increases 
as  pressure  falls,  showing  that  speed  has  more  influence  on 
condensation  at  high  pressures  than  at  low.    Fig.  808  shows  the 
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yariation  of  the  exponent  with  pressure,  B  being  for  the  tests  of 
Marks  and  Barraclough,  and  C  for  those  of  Willans.  The 
equation  of  the  line  B  for  the  Corliss  engine  is 

exponent  =  0.49  -  0.0313/^, 
were  p  is  initial  pressure  in  pounds  absolute  per  square  inch. 
Line  C  for  the  Willans  engine  gives  the  equation 

exponent  =  1.134  -  0.0067y>. 
At  120  pounds  both  styles  of  engine  have  the  same  value,  0.33, 
or  the  cube  root,  as  the  power  of  the  speed  to  which  the  per- 
centage of  condensation  is  related. 

Temperature  Range  and  Pressure, — Since  the  temperature  of 
steam  depends  upon  the  pressure,  the  temperature  range  be- 
tween admission  and  exhaust  steam  will  depend,  for  a  constant 
back  pressure,  upon  the  pressure  at  admission  ;  hence  the  effect 
of  the  two  can  hardly  be  separated  in  experimental  work. 
Change  in  pressure  may  affect  the  condensation  in  three  ways : 
by  changing  temperature  range,  density,  and  latent  heat  The 
increase  in  temperature  range  will  give  more  opportunity  for 
the  iron  to  act  in  giving  up  and  taking  in  heat ;  increase  in  den- 
sity will  bring  more  particles  of  wet  steam  in  contact  with  the 
cylinder  walls  in  a  given  time,  hence  may  also  tend  to  increase 
the  heat  interchange ;  decrease  in  latent  heat  will  necessitate  a 
greater  condensation  to  return  to  the  cylinder  and  water  film 
the  heat  needed  to  restore  them  to  admission  temperature. 
Whether  the  temperature  range  of  the  steam  has  any  decided 
influence  on  the  amount  of  condensation  is  a  disputed  point ; 
and  if  it  has  such  influence,  whether  the  range  considered 
should  be  that  from  admission  to  exhaust,  from  admission  to 
release,  or  from  compression  to  admission  is  unsettled.  There 
are  logical  reasons  for  the  consideration  of  each.  Evidently  the 
temperature  range  of  the  iron  wall  and  water  film  is  what  de- 
termines the  heat  interchange,  hence  the  amount  of  steam  con- 
densed at  admission. 

If  the  metal  always  follows  quite  closely  the  temperature  of 
the  steam,  it  must  go  nearly  from  admission  to  exhaust  at  each 
stroke.  During  compression  the  temperature  of  the  walls 
would  rise  with  that  of  the  steam,  but  in  order  to  give  up  heat 
enough  to  the  walls  to  raise  their  temperature  to  any  consider- 
able degree  some  steam  must  be  condensed,  and  the  water  thus 
formed,  as  well  as  the  walls,  will  have  to  be  warmed  by  the  in- 
coming steam  from  the  temperature  at  the  end  of  compression 
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to  its  own.  Besides  this,  all  work  expended  in  warming  the 
clearance  steam  bj  compression  must  be  transmitted  twice 
through  the  train  of  mechanism  connecting  the  piston  to  the 
fly-wheel,  so  that  raising  the  temperature  of  the  cylinder  by  this 
method  would  hardly  be  considered  as  likely  to  prove  profit- 
able, and  has  not  proved  to  be  so  in  experiments  carried  on  at 
Sibley  College  to  determine  the  most  economical  degree  of  com- 
pression. It  was  found  that  the  smallest  amount  of  compression 
consistent  with  smooth  running  was  the  most  economical.* 
Nevertheless,  the  initial  condensation  may  be  proportional  to 
the  temperature  range  between  the  end  of  compression  and 
admission. 

Again,  if  the  steam  in  the  clearance  at  the  beginning  of  com- 
pression is  dry,  the  compression  will  superheat  it  Little  heat 
will  then  pass  to  the  metal,  on  account  of  the  poor  conducting 
quality  of  the  steam,  and  the  entering  steam  must  raise  the 
walls  from  the  temperature  of  exhaust  to  its  own.  But,  owing 
to  this  poor  conductivity  of  dry  steam,  the  cylinder  walls  may 
never  become  as  cool  as  the  exhaust  steam.  The  water  collect- 
ing on  them  during  expansion  is  probably  evaporated  soon  after 
release  and,  during  the  rest  of  the  exhaust  period,  little  or  no 
heat  flows  from  the  iron  to  the  dry  steam  then  in  the  cylinder. 
In  this  case  the  range  of  the  walls  would  be  from  the  tempera- 
ture of  admission  steam  to  somewhat  below  that  of  release,  but 
not  to  exhaust  This  temperature  range  would  be  dependent 
on  the  ratio  of  expansion  quite  as  much  as  on  the  admission 
pressure. 

Much  experimentation  has  been  performed  to  endeavor  to 
determine  what  the  temperature  range  of  the  cylinder  wall 
depends  upon,  and  so  far  it  has  been  determined  that  this  range 
is  greater  at  the  ends  than  in  the  middle,t  that  the  temperature 
cycle  is  dependent  on  the  card,  and  that  the  variation  extends 
to  only  a  slight  depth  in  the  iron.^  The  writer  made  an  attempt 
to  determine  by  plotting  ^condensation  with  each  of  the  tem- 
perature ranges  mentioned  above,  which  of  them  seemed  to 
show  any  regular  curves  or  method  of  variation.  The  work  took 
considerable  time,  but  the  results  varied  so  much  that  they  are 
not  considered  worth  mentioning  here  except  to  state  that  it 

*  Barr,  Transactions  A.  S.  M.  E.,  vol.  nvl,  p.  430. 

f  Donkiu,  Proceedings  Inst.  Civil  Eog'rs,  vol.  c,  p.  847. 

t  Thesis  of  W.  W.  Churchill,  Sibley  Collegj  Library. 
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appeared  that  oondeusation  has  no  definite  direct  relation  to 
either  of  the  temperature  ranges  considered.  The  efiect  of  tem- 
perature range  would  seem  to  be  due  to  change  in  pressure  or 
ratio  of  expansion,  and  therefore  to  be  explained  by  a  considera- 
tion of  those  quantities. 

Besides  changing  temperature  range,  change  of  pressure  will 
alter  the  density  of  steam  at  admission.  This  will  alter  the  sur- 
face exposed  per  pound  of  steam.  Also,  the  latent  heat  will 
become  less  as  pressure  rises  and  more  pounds  of  steam  must 
be  condensed  to  give  up  a  certain  amount  of  heat  per  square 
foot.  Taking  up  experimental  data,  tests  will  be  considered 
where  back  pressure,  rate  of  expansion,  and  speed  have  been 
kept  constant  and  initial  pressure  varied.  Tests  which  comply 
with  these  conditions  are  the  series  of  Messrs.  Marks  and  Bar- 
raclough,  and  a  series  made  at  Sibley  College  by  Messrs. 
Thomas  and  Boss  in  1895.*  Fig.  809  shows  the  values  for  the 
tests  of  Marks  and  Barraclough,  and  Fig.  310  for  those  of  Thomas 
and  Boss.  The  curves  for  Fig.  309  are  almost  certainly  straight 
lines,  and  the  variation  from  straight  lines  for  the  tests  of  Fig.  310' 
may  easily  be  due  to  slight  variations  in  speed  and  ratio  of  ex- 
pansion. The  slope  of  the  lines  shows  that  the  condensation 
decreases  as  pressure  increases,  due  to  the  fact  that  at  high 
pressures,  with  constant  ratio  of  expansion,  there  will  be  a  much 
greater  weight  of  steam  in  the  cylinder  at  cut-off,  and  the  num- 
ber of  pounds  of  steam  condensed  will  not  be  much  greater 
because  the  latent  heat  decreases  only  slowly  with  rise  of 
pressure. 

For  curves  of  condensation  measured  as  a  percentage  of  the 
total  steam,  the  form  of  equation  ia  b  =  y  —  clx.  The  determi- 
nable values  a  and  b  are : 


R.  P.  M. 

a 

b 

85 

0.123 

87.8 

70 

0.188 

41.1 

Marks  and  Barractongb. 

2.65 

55 

0.192 

49.8 

40 

0.198 

58.8 

25 

0.285 

62.7 

6.0 

0.204 

65.6 

4.8 

0.148 

55.0 

Tbomaa  and  Roes. 

8.4 

86 

0.118 

47.7 

2.4 

0.078 

31.6 

2.0 

0.a58 

26,6 

*  Thetiis  of  Thomas  and  Ross,  Sibley  College  Library. 
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The  coefficient  and  intercept  increase  with  decrease  of  speed  and 
with  increase  of  expansion.  From  Figs.  309  and  310  it  is  evi- 
dent that  the  effect  of  pressure  is  but  slight,  as  the  angle  of  the 
lines  with  the  horizontal  is  small.  It  does  not  seem  possible  to 
assign  values  to  the  constants  which  shall  be  satisfactory  for  all 
speeds  and  ratios  of  expansion,  so  as  to  use  a  single  equation 
for  all.  A  graphical  chart  could  easily  be  constructed  which 
would  answer  the  purpose  of  such  an  equation,  and  would  be 
quite  as  accurate  and  convenient 

Batio  of  Expansion. — If  rise  and  fall  in  temperature  of  the 
cylinder  walls  is  considered  as  the  primary  cause  of  initial  con- 
densation, there  seems  no  logical  reason  why  the  ratio  of  expan- 
sion should  have  any  influence  on  the  amount  of  the  action.    The 
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total  temperature  range  inside  the  cylinder  would  be  the  same 
for  constant  initial  and  back  pressures  whether  there  be  much 
or  little  expansion.  The  only  way  in  which  any  effect  could 
result  from  increase  of  expansion  would  be  by  the  allowance  of 
longer  time  for  the  more  gradual  cooling  of  the  walls  during  the 
fall  in  temperature  along  the  expansion  curve.  This  would  per- 
.  mit  the  temperature  fluctuation  to  penetrate  deeper  into  the 
metal,  hence  would  increase  the  amount  of  heat  interchange. 
But  when  the  action  of  adiabatic  condensation  is.  considered, 
and  also  the  poor  conductivity  of  dry  steam,  other  and  most 
important  effects  are  introduced.  The  amount  of  expansion 
governs  the  amount  of  the  adiabatic  condensation,  and  this,  as 
we  have  seen,  is  directly  instrumental  in  producing  initial  con- 
densation. Also,  after  the  moisture  has  been  evaporated  from 
the  walls,  the  action  and  the  fall  in  temperature  of  the  iron  will 
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be  bnt  sluggish,  and  the  temperature  of  the  iron  may  not  go 
muoh  below  that  of  the  steam  at  release,  except  for  the  instan- 
taneous drop  of  the  extreme  surface  of  the  metal  when  the 
exhaust  valve  opens.  As  a  matter  of  fact,  experimental  re- 
sults indicate  a  very  close  relation  between  ratio  of  expansion 
and  the  amount  of  condensation  in  an  engine.  It  has  been  sug- 
gested by  Dr.  B.  H.  Thurston  that  the  function  involved,  when 
percentage  of  condensation  is  considered,  is  the  square  root  of 
the  ratio  of  expansion ;  and  this  is  generally  taken  as  the  value. 
For  investigating  this  factor  the  tests  of  Messrs.  Thomas  and 
Boss,  mentioned  previously,  and  a  series  made  by  Messrs.  Jones 
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120 
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150 


and  White  *  on  the  high  and  intermediate  pressure  cylinders  of 
the  Sibley  College  experimental  engine,  run  compounded,  will 
be  considered.  Figs.  311,  312,  and  313  give  the  plotted  curves, 
showing  the  relation  of  condensation  to  expansion.  There  is 
the  same  general  form  and  a  fair  degree  of  regularity,  except 
for  the  low-pressure  cylinder,  in  the  tests  of  Jones  and  White. 
For  these,  Fig.  313,  the  condensation  decreases  as  the  expansion 
increases,  a  seeming  contradiction  of  the  results  in  the  other 
tests.  If  the  tables  be  consulted  it  will  be  seen  that  the  expan- 
sion increases  in  the  low-pressure  cylinder  as  it  decreases  in  the 
high-pressure.     The  condensation  in  the  high-pressure  cylinder. 


♦  Thesia  of  Jones  and  Wliite,  Sibley  College  Libraiy. 
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due  to  adiabatic  expansion,  would  be  greater  as  the  expansion 
was  increased ;  hence  wetter  steam  would  be  delivered  to  the 
low-pressure  cylinder.  This  would  show  against  the  low-pressure 
cylinder,  on  the  card,  as  initial  condensation,  and  it  would  be 
impossible  to  divide  the  water  between  the  two  causes.  Fur- 
thermore, the  pressure  at  admission  in  the  low-pressure  cylinder 
decreased  along  with  the  decrease  of  expansion  there ;  and  it 
has  been  seen  in  the  preceding  section  that  condensation, 
measured  as  a  percentage,  increases  with  fall  in  initial  pressure. 
Either  change  is  much  larger  than  the  change  in  ratio  of  expan- 
sion, and  their  combined  effect  overbalances  its  action.    The 
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equation  for  the  curves  is  y  =  a  {x  —  c)*,  except  for  the   low- 
pressure  cylinder.     The  constants  are  given  below ; 


Preesare. 

a 

b 

c 

50 

21.1 

0.597 

0.2 

70 

19.6 

0.637 

0.0 

Thomas  and  Robs. 

90 

24.7 

0.412 

1.4 

105 

22.2 

0.448 

1.1 

125 

20.1 

0.475 

1.0 

50 

16.8 

0.414 

1.4 

Jones  and  White. 

70 

14.3 

0.418 

1.6 

High  PresBure 

90 

13  4 

0.432 

0.1 

Cyliuder. 

105 

9.5 

0.330 

0.0 

125 

10.0 

0.381 

0.0 

The  variation  of  these  constants  with  pressure  is  shown  in  Fig. 
314.    The  tendency  is  certainly  to  straight-line  variation    for 
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nearlj  all  the  constants,  but  is  not  surely  defined.  For  the 
tests  of  Thomas  and  Boss,  the  average  value  of  6  is  about  0.5, 
and  for  those  of  Jones  and  White  about  0.4.     A  fairly  good 
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Fig.  812. 


approximate  equation  would  be  gotten  for  variation  of  condensa- 
tion with  ratio  of  expansion  by  taking  a  and  c  as  constant  at 
18  and  1  respectively,  and  getting  the  VlEilue  of  h  from  the 
equation  6  ~  0.70  —  0.0035p,  where  p  is  the  pressure  in  pounds 
absolute  per  square  inch. 
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The  elements  which  may  affect  condensation  have  all  been 
considered,  and  the -action  of  each  determined,  as  well  as  may 
l^e,  by  varying  it  while  others  were  kept  constant  It  remains 
to  combine  the  separate  actions  into  a  single  formula,  and  to 


THE  LAWS  OF  OnJMDSB  OONDENBATIOH. 


973 


w 

Tt 

BTS 

or  " 

Pho 

•  AS 

AND 

^ 

cr 

ji 

, 

Va 

ues 

Of" 

■  " 

< 

ft) 

K 

.6 

< 

Va 

ues 

Of" 

b" 

"^ 

■-- 

^^* 

.5 

«, 

"^ 

"if" 

-^ 

***^ 

1 

.4 

< 

7 

-^ 

1 

^alu 

»s  a 

rllQ 

■  / 

-— 

p 

< 

. 

0 

) 

Ti 

•TS 

or 

Ion 

:8  A 

MO 

VHI 

•c 

IS 

( 

. 

Va 

ues 

of 

a" 

•^ 

■— «— 

_ 

> 

10 

• 

""^ 

• 

*-^ 

- 

5 

Va 

lues 

of 

b" 

, 

__^ 

1 

► 

— 

"— 

- 

.8 

TDT" 

< 

3 

Va 

uas 

of' 

C" 

< 

1 

p 

•«■ 

"^ 

--- 



f** 

0 

/ 

^ 

40 


00 


70         80         90        100        110        lao 

Pntture  AtM.»Lbe.  per  Square  Inch 

Fig.  814. 


130 


consider  how   well    this    formula   represents    the    results    of 
experiment. 

A  POBMUUL  FOR    ESTIMATING   CONDENSATION. 

For  this  purpose  it  is  not  necessary  to  consider  other  than 
a  cast-iron  surface,  because  the  percentage  saved  by  any  other 
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surface  is  known,  and,  besides,  this  is  the  almost  nniversal 
metal  for  cylinders. 

The  writer  has  already  expressed  his  opinion  that  the  tem- 
perature range  of  the  steam  in  itself  is  not  a  factor.  Undonbt- 
edly  the  temperature  range  of  the  metal  and  water  film  is  pro- 
portional to  the  condensation,  but  this  range  is  not  yet  known, 
and,  if  it  were,  is  an  effect,  not  a  cause,  and  hence  should  not 
logically  enter  into  the  formula.  The  temperature  range  from 
admission  to  release  would  seem  the  one  to  which  the  metal  is 
most  likely  to  correspond,  and  the  amount  of  this  range  is  de- 
termined by  the  ratio  of  expansion,  the  effect  of  which  has  been 
considered. 

We  have,  then,  as  functions  which  should  appear  in  the  for- 
mula, speed,  pressure,  and  ratio  of  expansion,  the  variation  with 
each  being  complex.  Since,  in  designing,  the  pressure  is  or. 
dinarily  fixed  at  the  start,  and  since  the  change  with  pressure 
is  a  right-line  variation,  the  constants  for  the  equation  may  be 
conveniently  calculated  for  different  pressures,  and  this  will  leave 
speed  and  ratio  of  expansion  as  the  two  variable  quantities. 

In  getting  a  formula  for  condensation  as  a  percentage  of  total 
steam  the  dimensions  of  the  cylinder  must  be  considered,  for 
the  area  per  pound  of  steam  at  cut-off  has  an  influence  on  the 
condensation  measured  in  this  way.  The  area  per  pound  of 
steam  will  be  determined  by  the  diameter  of  the  cylinder  and 
the  length  of  stroke  up  to  cut-off,  this  latter  depending,  in  turn, 
upon  the  ratio  of  expansion.  The  effect  of  the  change  in  area 
by  change  in  ratio  of  expansion  will  be  included  in  the  varia- 
tion whose  equation  has  already  been  determined  ;  the  area 
per  pound  of  steam  will  be  inversely  as  the  diameter  of  the 
cylinder,  so  that  the  diameter  should  enter  as  a  factor  into  the 
denominator  of  the  expression  for  condensation.  The  equa- 
tion would  be   y  =  C  ~  ,-- V~~7J"'      ^^^    exponents   from 

Figs.  308,  curve  B,  and  314,  curve  i,  would  be  : 


N 

(r-l) 

50 

.426 

.596 

60 

.414 

.570 

70 

.890 

.544 

80 

.886  ^ 

.518 

90 

.878 

.492 

100 

.860 

.467 

120 

.834 

.414 

180 

.820 

.889 
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Solving  for  the  values  of  C  in  the  equation  gives  the  following, 
if  d  is  taken  in  inches,  and  N  in  revolutions  per  minute  : 


Tests  of  Mabks  and  Barraclouoh. 

Pressure 120  120  120  100  100  100 

Tent 1  3  5  6  8              10 

-C" 75.90  70.90  76.67  80.15  82.42        86.71 

Avera^ 74.49  83.09 

Pressure 80  80  80  60  60             60 

Test 11  18  15  16  18             20 

*'C'* 105.44  109.42  105.45  130.17  128.48  126.90 

Average 106.77  128.52 


Tests  of  Thomas  and  Ross. 


Pressure. 
Test 

Average  . 


.  50 
.  1 
.105.61 


50 
4 
165.22 
154.53 


50 
5 
192.77 


70 
7 
121.80 


Pressure. . .  90 

Test 14 

"C" 91.76 

Average  . . . 


110  110 

16  18 

89.95      92.62 
83.75 

140 

1 130 
I  lid 
^too 


110 
20 
68. 


70 
0 
116.22 
119.01 

130 


Co 

\^ 

Jon  o1 

-..A" 
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ndt 
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Fo 

'rnUla 
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th 
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W. 


100       125       150      175 
Values  of  "C" 

Fio.  816. 


90 
11 

99.18 
95.47 


130    130  180 
22     23     24 
88.98   82.59   70.58 
80.72 


The  agreement  is  quite  good  between  speeds  of  25  and  86  and 
from  1.8  to  8  expansions. 

The  variation  for  the  constant  with  pressure  is  shown  in  Fig. 
315.     The  values  fall  into  a  smooth  curve  from  which  values  can 
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VaJucis  of  *'lj" 

Fig.  816. 


\^L|Ha  of  "&** 


be  taken  for  any  pressure.     Fig.  316  shows  the  yariation  of  the 

(r  —  lY 
constant  and  the  two  exponents  in  the  equation  y  =  C     jj^b 

with  pressure,  and  tabular  Talues  from  these  curves  are  given 
below. 

Values  op  Constants  for  Equation. 


PreMure  Lbs. 

a 

b 

c 

40 

0.620 

0.440 

168 

60 

0.694 

0.426 

150 

60 

0.568 

0.412 

188 

70 

0.548 

0.399 

118 

80 

0.517 

0.884 

106 

90 

0.491 

0.8r3 

95 

100 

0.466- 

0.869 

87 

110 

0.440 

0.846 

81 

120 

0.414 

0.888 

78 

180 

0.889 

0.820 

76 

140 

0.368 

0.806 

75 

A  comparison  will  now  be  made  of  the  condensation  as  com- 
puted by  this  formula  with  results  from  tests  used  in  its  deriva- 
tion and  some  others  which  were  available.  The  pressure  varies 
from  40  to  130  pounds,  the  speed  from  10  to  380  revolutions  per 
minute,  and  the  ratio  of  expansion  from  1.6  to  15. 
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COMPUTED  AND  ACTUAL  INITIAL  CONDENSATION. 
Tests  of  Mauks  and  BARRACTiOUGH. 


Error,  Per  Cent. 
-1.8 
-0.0 
-8.0 
-2.3 
-2.8 
-2.7 
-4.4 
-4.4 
-1.9 
-5.6 


Condensaaon,  Per  Cent. 

Tests. 

Actaal.                           Coinpnted. 

1 

24.5           .                  22.7 

8 

25.9                             25.8 

5 

85.0                             82.0 

7 

26.5                             24.8 

9 

82.1                             29.8 

11 

27.8                             25.1 

18 

84.5                             80.1 

15 

48.6                             89.2 

17 

82.7                             80.8 

19 

41.8                             86.2 

1 

8 

5 

6 

8 

11 

18 

15 

17 

20 

22 

24 


Tests  of  Thomas  and  koss. 


49.2 

58.8 

+   9.6 

46.6 

35.8 

-10.8 

28.2 

18.5 

-    9.7 

87.6 

82.6 

-   5.0 

43.2 

87.4 

-    5.8 

48.4 

86.5 

-   6.9 

18.2 

19.8 

+    1.1 

58.8 

47.0 

-11.8 

48.8 

85.4 

-12.9 

20.2 

17.8 

-   2.4 

48.3 

87.2 

-11.1 

22.7 

22.8 

-   0.4 

Tests  of  Bowen  and  Wbbeb. 


1 

24.5 

8 

46.4 

6 

25.6 

8 

58.1 

10 

24.1 

12 

16.4 

14 

18.3 

20 

6.2 

19.7 

-    4.8 

45.7 

-    0.7 

25.9 

+    0.3 

44.0 

-    9.1 

81.0 

+    6.9 

18.6 

+    2.2 

23.0 

+    9.7 

16.8 

+  10.6 

Tests  of  H.  K.  Spencer. 


1  25.0 

8  86.5 

5  56.7 

7  78.4 


19.6 

-    5.4 

28.0 

-    8.5 

42.8 

-13.9 

64.5 

-18.9 
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Tests  of  Jokes  and  White. 
Condensation,  Per  Cent. 


TesU. 

Actual. 

Compnted. 

Brror,  Per  Cent 

1 

22.6 

48.2 

+  20.6 

3 

44.9 

22.8 

-  22.6 

5 

14.4 

15.1 

+    0.7 

7 

16.6 

88.6 

+  17.0 

9 

14.6 

•     12.4 

-    2.2 

11 

21.2 

55.2 

+  84.0 

14 

11.9 

20.2 

+    8.8 

17 

19.5 

35.2 

+  15.7 

10 

6.2 

20.8 

+  14.6 

31 

81.5 

56.5 

+  25.0 

25 

5.3 

16.5 

+  11.2 

Tests  op 

Denton  and  Jacobus. 

1 

15.2 

14.6 

-    0.6 

8 

22.1 

20.9 

-    0.2 

6 

29.1 

28.9 

-    0.6 

8 

22.8 

22.8 

0.0 

11 

38.1 

88.4 

+    0.8 

18 

41.1 

43.8 

+    2.7 

15 

82.4 

29.4 

-    8.0 

20 

89.5 

45.2 

+    5.7 

27 

52.5 

68.0 

+  10.5 

Tests  op  P.  W.  Willans. 
Simple  Condenging, 

1  16.1  15.1  ~  1.0 

8  21.1  16.7  -  4.4 
7  25.2  19.6  -  5.6 

9  27.7  22.8  -  5.4 

Average  error  for  all  tests —0.019 

Maximum  positive  error 84.00 

Maximum  negative  error 22.60 

Minimum  error 0.00 

It  is  hardly  to  be  expected  tliat  a  formula  can  be  made  to  fit 
all  cases  and  have  so  few  variations  as  are  allowed  the  one  under 
discussion.  The  error,  in  some  cases,  is  larger  than  could  be 
wished,  but  it  seems  about  equally  positive  and  negative.  The 
average  error  for  all  tests  computed  is  practically  0. 

The  derivation  of  the  formula  is  based  on  experimental  data, 
but  the  elements  taken  are  the  logical  ones  to  use ;  and  the 
comparison  with  results  of  tests  shows  it  to  be  extremely 
accurate  in  the  great  number  of  cases.  Indeed,  it  is  remarkable 
that  so  simple  a  formula    should  cover  accurately  as  wide  a 
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Tests  of  Pbofb8sor3  Denton  and  Jacobus. 


Ritlo  of 

Per  Cent. 

TMt0. 

Speed  R.  P.  M. 

Exp«n8iou. 

1 

70.4 

15.2 

2 

61.6 

13.9 

8 

25.T 

22.1 

4 

17.3 

1.60 

26.8 

5 

12.6 

82.3 

6 

10.3 

29.4 

7 

8  9 

32.4 

8 

87.6 

/ 

22.8 

9 

61.9 

26.7 

10 

68.0 

26.4 

11 

28.6 

2.80 

83  1 

13 

16.1 

89.1 

IS 

13.1 

41.1 

14 

8.6 

45.0 

15 

86  0 

33.4 

15 

64.1 

37.8 

17 

60.9 

29  2 

IS 

59.9 

84.3 

19 

59.8 

87.8 

20 

25.6 

89.5 

21 

28.7 

4.25 

42.8 

22 

17.8 

43.8 

28 

IB. 8 

47.2 

24 

18.1 

5).8 

25 

13.0 

50.9 

26 

10.5 

54.8 

27 

10.0 

52.5 

28 

8.6 

56.8 

T£8T8  OF  Messrs.  Marks  and  Barsaclough. 


Per  Cenr. 

Tests. 

Initial  Preseare. 

Speed  R.  P.  M. 

CondensatiuD 

1 

117.0 

86.02 

24.6 

2 

118.1 

67.00 

25.7 

8 

119.4 

55.02 

25.9 

4 

120.7 

40.62 

80.1 

5 

120.0 

26.60 

85.0 

6 

100.4 

83.85 

24  5 

7 

100.7 

66.80 

20. 5 

8 

102.5 

54.90 

27.8 

9 

102.8 

89.80 

82.1 

10 

102.7 

28.60 

37.5 

11 

77.8 

85.40 

27  8 

12 

78.6 

69.70 

30.1 

18 

88.5 

66.07 

84.5 

THE  lAWS  OF  CTLINDSB  00NDBN8ATI0N. 


981 


Tests  of  Messrs.  Marks  and  Barraclouoh.— CofUinti^. 


Percent. 

TmU. 

InitUl  Pressare. 

Speed  R.  P.  M. 

CondenMtUon. 

14 

81.8 

80.72 

85.7 

15 

82.2 

25.70 

43.6 

16 

50.8 

85.27 

80.6 

17 

60. 

60.63 

a2.7 

18 

61.6 

55.62 

87.6 

10 

62.0 

41.08 

41.8 

20 

62.4 

26.64 

48.1 

Tests  of  Mr.  P.  W.  Willans. 


BigkrPresture  Cylinder, 


TeeU. 

1 

8 

4 

5 

6 

8 

0 

10 
11 
12 
18 
14 
15 
16 
17 


InltUl  Preeeare. 

125.01 
81.24 
60.50 
87.16 

127.81 

.03 

50.46 

85.07 

126.14 
84.32 
60.57 
85.25 

114.01 
88.44 
30.40 


PcrCeiH. 

Speed  R.  P.  M. 

Coadenefttkm. 

402.2 

10.50 

401.2 

8.00 

404.4 

11.60 

898.0 

11.40 

811.1 

10.50 

801.5 

12.18 

302.0 

18.08 

800.1 

16.56 

208.2 

11.05 

108.0 

17.87 

203.0 

17.04 

100.5 

25.52 

114.6 

18.60 

116.1 

20.88 

112.5 

82.15 

Tests  of  Messrs.  Thomas  and  Boss. 


TetU. 

1 
2 
3 
4 
5 
6 
7 
8 
0 
10 

11 


InltUl  PreMore. 

RftUo  of  Szpanfioii. 

48.2 

6.54 

48.5 

4.24 

52.3 

8.86 

52.3 

2.85 

52.7 

1.76 

70.5 

15.50 

70.0 

4.57 

71.5 

4.86 

71.2 

2.42 

85.8 

0.82 

80.0 

5.32 

Per  Cent. 
Condenndon. 

40.2 
48.1 
46.6 
33.8 
28.2 
87.6 
45.3 
48.2 
26.4 
57.6 
48.4 
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Tksts  ok  Mksbbs.  Thomas  akd  Bosb  —CotUinued. 

Per  Cent. 

Tests.  Initial  Preseure.              Ratio  of  Expaiii*ion.  Cundenaatloii. 

12  90.6  8.36  82.6 

13  90.6  2.15  18.2 

14  90.6  1.84  17.0 

15  105.0  10.90  58.3 

16  106.5  8.10  51.9 

17  108.4  6.18  48.8 

18  107.2  8.92  85  2 

19  108.2  8.90  85.0 

20  112.3  2.05  20.2 

21  121.2  10.70  55.0 

22  124.0  7.15  48.8 
28  126.2            4.65  86  6 

24  125.4  2.60  22.7 

25  126.4  2.07  22.4 


Testo  Off  MsssRSb  Jones  and  Wbitb. 

High'PruBure  Cylinder. 

Per  Cent. 
Teste.  Initial  Preasore.  Batio  of  Expansion.  Condensation. 

1  124.6  9.82  22.6 

2  126.1  4.6a  5.8 
8  126.7  2.66  44.9 

4  128.4  2.04  9.9 

5  130.9  1.62  14.4 

6  lOl.S  10.98  19.8 

7  106.9  5.04  16.6 

8  107.5  2.86  12.6 

9  109.5  2.08  14.6 

10  109.4  1.65  9.8 

11  85.1  9.85  21.2 

12  68.9  4.88  19.7 
18  88.4  2.96  26.5 

14  91  4  2.24  11.9 

15  88.9  1.71  24.0 

16  70.2  5.96  25.8 

17  69.7  8.80  19.5 

18  69.8  2.60  17.8 

19  69.0  2.06  6.2 

20  70.1  1.61  6.7 

21  52.1  5.97  81.5 

22  51.8  4.20  22.7 
28             49.61  2.90  28.1 

24  50.5  2.08  20.9 

25  51.1  1.62  5.8 
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Tests  of  Mbbsbs.  Jokbs  and  Whttb. 
Low-Prewurk  CyKnder. 


Katio  of 

Percent. 

rests.                      InitlAl  Preesore. 

Bxpanslon. 

1                                    11.9 

2.70     . 

«3.0 

2                                  16.8 

3.98 

86.2 

8                                25.5 

8.52 

1(2.4 

4                                24.9 

5.81 

53.7 

5                                29.7 

6  28 

45.3 

6                               10.4 

2.5& 

92.2 

7                               16.4 

8.59 

88.9 

8                               22.6 

S.06 

49.0 

9                               27.8 

S.84 

40.6 

10                               26.5 

5.27 

84.4 

11                               11.1 

8.80 

^.8 

12                               15.5 

2.88 

<1.5 

18                               17.5 

2.52 

^.6 

14                               19.8 

8.04 

46.8 

15                               26.1 

2.85 

41.0 

16                                11.5 

2.61 

53.0 

17                                16.2 

8.18 

88.7 

18                               18.0 

8.01 

50.6 

19                               20.0 

8.88 

4M).0 

20                               24.0 

8.89 

85.8 

21                                 8.8 

2.82 

69.9 

22                                 9.8 

8.02 

52.5 

28                               12.3 

8.48 

48.8 

24                               15.7 

8.84 

42.8 

25                               19.6 

8.50 

87.5 

DISCUSSION. 

r.  Oeo.  L  Bockwood,— 

-On  page 

979  the  author  states  that  1 

Ilia  1/  =z  a  ^ — ^    rAi 

ITAaIr  tllA 

rp1n.HvA  imrv 

^rhiTip.A  nf  fliA  1 

rious  factors  which  together  produce  initial  cylinder  conden- 
sation. I  think  the  formula  can  apply  only  to  engines  of  the 
single-cylinder  unjacketed  type,  because  it  is  this  type  only  of 
which  it  may  be  said,  '^  to  reduce  the  loss,  use  a  large  diameter, 
a  small  ratio  of  expansion,  and  high  speed  '* ;  and  this  saying 
applies  only  to  certain  kinds  of  small  automatic  engines  having 
large  clearance  and  a  single  positively  moved  valve.  Pumping 
engines  and  slow-speed  mill  engines  suffer  less  from  initial  cylin- 
der condensation  than  those  which  have  short  strokes,  high 
speed,  etc. 
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I  doubt  whether  the  formuk — without  haviog  had  time  to 
examine  it  carefully — takes  into  account  the  effect  of  the  clear- 
ance area  exposed  to  the  incoming  steam  every  stroke.  This 
area  is  very  different  in  different  types  of  engines. 

It  appears  to  me  that  the  paragraph  as  it  stands  now  is 
intended  to  apply  to  all  sorts  of  steam  engines,  and  should^  there- 
fore, be  modified  as  suggested.  I  think  that  a  formula  which 
would  apply  correctly  to  all  types  of  engine  is  impossible  of  reali- 
zation, and  that  it  would  be  of  little  use  if  found. 

Mr,  WUliam  Kent. — I  hope  that  when  Mr.  Bice  revises  this 
paper  for  final  publication  in  the  Transactions^  he  will  add  a  few 
paragraphs,  condensing  his  conclusions  into,  say,  one  page,  so 
that  we  can  find  them  without  having  to  read  the  whole  paper. 

Referring  to  the  formula  on  page  975  :  y  =    '\\  ^.    ,  I   had   to 

look  all  through  the  paper  to  find  what  these  symbols  meant. 
The  letter/*  in  the  formula,  I  believe,  is  used  to  mean  "  function," 
but  the  ordinary  engineer  does  not  understand  that/  means  func- 
tion unless  it  is  so  explained.  I  hope  that  he  will  put  the  whole 
subject  in  such  a  shape  that  we  can  find  an  answer  to  a  question 
like  this  :  Given  a  Corliss  engine  of  such  a  size  and  such  a  speed, 
cutting  off  at  one-sixth  of  the  stroke,  what  is  the  cylinder  con- 
densation ?  If  a  man  wanted  to  get  that  information  from  this 
paper,  it  would  be  a  labor  of  hours  to  find  it. 

Jifr.  J,  B.  Stanwood. — ^I  notice  that  the  author  ignores  the  area 
of  internal  surfaces  of  clearance  spaces  and  walls  of  cylinders,  up 
to  point  of  cut-off,  as  having  any  effect  upon  the  percentage  of 
cylinder  condensation.  1  have  always  been  under  the  impression 
that  the  amount  of  these  surfaces  is  an  important  factor  of  this 
problem.  Why  does  not  Mr.  Rice  take  this  factor  into  consider- 
ation in  his  efforts  to  form  a  general  law  for  cylinder  con. 
densation  ? 

Prof.  R,  H.  Thurston, — This  paper  presents  probably  the 
most  complete  study  and  discussion  of  this  subject  which  has 
appeared  to  date.  The  facts  were  revealed  by  a  succession  of 
investigators,  beginning  with  Smeaton's  experiments  with  the  old 
Newcomen  engine  as  given  form  by  Desaguliers,  continuing  with 
those  of  Watt  upon  the  famous  Newcomen  model,  and  on  his  own 
later  constructions,  and,  in  later  times,  the  work  of  Clark  on  the 
British  locomotives  of  1850,  and  Him  on  the  Alsatian  engines, 
and  Isherwood  on  marine  engines,  and  the  still  later  work  of  ou: 
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contemporaries  and  colleagues  with  which  all  engaged  in  this 
department  of  engineering  are  familiar. 

Bankine  was  perhaps  the  first  to  attempt  to  formularize  the  laws 
of  the  internal  wastes  of  the  engine,  basing  his  algebraic  expres- 
sions upon  the  experiments  of  Isherwood  on  the  XJ.  S.  S.  Michi" 
gan.  He  took  the  condensation  to  be  proportional  to  the  time  of 
exposure  of  the  steam  to  the  condensing  action  of  the  cylinder 
wall  up  to  the  point  of  cut-off,  to  the  range  of  temperature  worked 
through,  and  to  the  area  exposed  by  the  retreat  of  the  piston  per 
unit  weight  or  volume  of  the  working  fluid.  Later  investigation 
soon  showed  that  the  first  of  these  factors  was  not  the  controlling 
condition  ;  but  that  the  period  of  exposure  to  the  cooling  action  on 
the  exhaust  side,  preceding  admission,  was  more  influential,  and 
that  whatever  heat  drained  out  during  this  period  is  inevitably 
restored  during  admission  by  the  entering  steam  coming  in  con- 
tact with  the  chilled  cylinder  wall.  Cotterill  made  a  very  beau- 
tiful investigation,  availing  himself  of  the  classical  work  of 
Kirsch,  in  turn  based  upon  Fourier,  and  deduced  a  logarithmic 
expression  which  is  probably  more  accurate  from  the  standpoint 
of  the  pure  physicist  than  any  other  yet  proposed. 

Empirical  expressions,  of  which  that  of  Kankine,  that  of  the 
writer,  and  that  here  proposed  are  representative,  are  simpler, 
easier  of  application,  and  practically  no  less  valuable.  These 
latter  forms  of  expression  have  been  slowly  coming  into  more  and 
more  accurate  shape,  and  their  constants  are  continually  being 
more  and  more  completely  established  until,  in  the  paper  now 
brought  to  our  attention,  an  expression  is  deduced  for  this  waste, 
the  waste  which  controls  the  design  and  construction  and  the 
apportionment  to  its  work  of  the  modem  steam-engine  more  than 
does,  perhaps,  any  other  physical  condition  under  the  eye  and 
hand  of  the  engineer.  It  is  this  waste  which  principally  dictates 
the  adoption  of  the  multiple-cylinder  engine,  of  the  steam  jacket, 
and  of  superheated  steam,  and  all  their  accessories. 

Researches,  experimental,  like  those  of  Marks  and  Barraclough 
and  their  kind,  and  those  of  collaboration,  like  that  of  the  author 
of  this  paper,  have  been  in  prc^ess  at  Sibley  College  for  years 
past,  and,  as  here  in  part  shown,  the  result  has  been  the  collection 
of  a  large  quantity  of  material  upon  which  to  base  such  a  study 
of  the  subject.  The  work  of  Professor  Rice  is  the  last  and  per- 
haps the  most  fruitful  of  the  series.  He  certainly  ha6  obtained  a 
more  accurate  measure  of  tbe  internal  wastes  due  to  this  method 
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of  loss  of  heat  in  available  form  than  aoy-one  of  his  predecessors, 
and  the  fact  is  likely  to  prove  one  of  practical  importance.  The 
extensive  work,  representing  no  inconsiderable  proportion  of  a 
year's  labor  as  a  candidate  for  a  Master's  degree  in  engineering, 
will  probably  be  long  preserved  in  the  collections  of  Sibley  Col- 
lege as  a  notewolrthy  example  of  prolonged,  patient^  and  prodac- 
tive  research. 

As  its  author  has  taken  occasion  to  remark,  it  must  not  be 
expected,  however,  that  any  such  expression  as  is  here  derived, 
or  any  other  formulation  of  the  law  of  cylinder  condensation, 
whether  rational  or  empirical  in  origin,  will  apply  with  accuracy 
to  all  cases.  The  algebraic  expression  of  observations  of  many 
engines  of  representative  classes  and  of  good  average  construction 
and  proportions  will  apply  only  to  similarly  good  average  repre- 
sentative cases,  later  selected  for  their  application.  The  laws 
will  remain  unchanged  ;  but  every  variation  in  the  proportions  of 
engines,  in  the  condition  of  their  internal  surfaces,  and  in  the 
quality  of  the  steam  exchanging  heat  with  the  cylinder  walls,  will 
modify  the  constants  of  the  absolutely  correct  equation,  should  it 
finally  be  derived  by  a  later  investigator.  Lubrication,  oxidation, 
special  treatment  of  the  interior  of  the  engine,  and  peculiar  pro- 
portions of  the  cylinder,  will  all  affect  the  results  of  application 
of  any  formula  derived  from  common  practice.  Notwithstanding 
these  variations,  it  will  probably  remain  the  fact  that  a  well-con- 
structed expression  for  cylinder  condensation  will  find  real  use  in- 
general  practice,  and  will  afford  much  and  valuable  aid  to  the 
designer  and  constructor.  It  will  assist  in  the  construction  of 
the  balance  sheet  of  heat  supply  and  heat  expenditure,  and  in  the 
estimation  of  efficiencies  in  all  cases  of  usual  practice. 

The  statement  of  the  practical  method  of  reducing  wastes 
may,  I  think,  be  put  into  a  more  acceptable  form.  I  would  not 
say  ^'  use  a  large  diameter,  a  small  ratio  of  expansion,  and  high 
speed,"  but  would  rather  say  : 

(1)  Adopt  such  a  proportion  of  engine  cylinder  as  will  give 
lowest  ratio  of  area  of  cylinder  wall,  producing  condensation, — 
t.^.,  measured  up  to  point  of  cut-off — to  the  volume  enclosed  by  it 

(2)  Adopt  as  large  a  ratio  of  expansion  as  the  existing  condi- 
tions may  be  found  to  make  most  profitable. 

(3)  Employ  as  high  a  speed  of  rotation  and  of  piston  as  prac- 
tice shows  to  be  safe  and  not  too  costly  on  the  maintenance 
account. 


THE  LAWS  OF  CYLINDER  CONDENSATION.  987 

Under  the  first  head  it  will  be  found  that  a  low  ratio  of  expan- 
sion dictates,  from  this  point  of  view,  a  comparatively  large  pro- 
portion of  diameter  to  stroke  of  piston,  while  a  high  ratio  of 
expansion  increases  the  proportion  of  stroke  to  diameter.  One 
secret  of  the  success  of  the  multiple-expansion  engine  will  some- 
times be  found  in  the  fact  that  the  proportions  adopted  are,  in 
this  respect,  satisfactory.  This  is  especially  likely  to  be  true  of 
the  compound  engine  with  large  expansion  ratios,  as  adopted  with 
comparatively  high  steam  pressures  for  that  type. 

Under  the  second  head  it  will  be  found  that  the  multiple-cylin- 
der machine,  suitably  proportioned,  gives  a  high  yet  economical 
total  ratio  of  expansion  through  the  expedient  of  holding  down 
the  ratio,  in  each  of  the  several  cylinders  of  the  series,  to  that 
known  to  be,  at  least  approximately,  the  ratio  of  maximum  effi- 
ciency for  the  single  cylinder. 

As  to  the  third  point,  experience  fixes  the  practicable  maxi- 
mum piston  speed.  This  is  seen,  as  shown  especially  by  Pro- 
fessor Barr's  papers,  to  be  about  600  feet  per  minute  for  the 
practice  of  our  day. 

The  real  principle  which  controls,  properly,  in  this  matter,  is 
this :  Seek,  by  every  practicable  and  economical  expedient,  to 
make  cylinder  condensation  a  minimum,  and  proportion  the  en- 
gine, and  arrange  for  its  operation,  in  such  manner  as  will  enable 
it  to  pay  highest  dividends  upon  the  capital  absorbed  in  the  estab- 
lishment and  permanent  operation  of  the  machine.  The  object 
sought  by  every  good  engineer  in  designing  and  in  constructing 
and  operating  the  steam  engine  is  to  effect  as  high  economies  as 
he  can  afford  to  pay  for,  anticipating  satisfactory  profit  on  the 
investment  made  in  effecting  such  economies. 

The  paper  before  us  will  undoubtedly  repay  much  more  ex- 
tended and  minute  study  than  can  be  given  it  in  a  single  read- 
ing ;  its  data  alone  present  a  most  valuable  work  of  compilation, 
and  the  deductions  seem  likely  to  find  very  useful  application  in 
every-day  practice. 

Mr.  Arthur  Z.  Rioe.* — In  regard  to  the  criticism  of  Messrs. 
Bockwood  and  Stanwood  that  the  formula  here  proposed  takes 
no  account  of  the  area  of  condensing  surface,  it  is  plainly  stated 
on  page  974  that  the  ^'  area  per  pound  of  steam  at  cut-off  has  an 
influence  on  the  condensation  "  measured  as  a  percentage  of  total 

*  Author's  closare,  under  the  Rales. 


988  THfi  LAWS  OF  CYLINDER  CONDENSATION. 

steam.     The  area  up  to  cut-off  varies  as  <?*  +  — ,  where   /  is 

r 

length  of  stroke,  and  d  and  r  as  heretofore ;  the  volume  up  to 

dH 
cut-off,  or,  for  constant  pressure,  the  weight  varies,  as  —  ;  hence 

T 

T         \  * 

the  area  per  pound  varies  as  ^  +  '-^.    As  stated  on  page  974,  it 

was  considered  that  the  term  involving  ratio  of  expansion  would 
bo  sufficiently  taken  care  of  by  the  variation  of  condensation  with 
expansion  previously  considered,  and  the  term  involving  diameter 
was  introduced  into  the  formula.  The  author  is  now  at  work  on 
an  investigation,  which  he  hopes  to  have  ready  in  the  fall,  of  the 

T 

effect  of  taking  into  account  the  neglected  term  j- 

In  regard  to  Mr.  Kent's  desire  for  a  risu7ne  of  the  paper,  the 
writer  would  say  that  he  is  not  yet  done  with  the  subject  and  is 
not  ready  to  give  a  resumi.  The  paper,  as  it  stands,  shows  the 
work  so  far  done,  and  the  results  are  that  condensation  seems  to 
vary  regularly  with  change  of  speed,  ratio  of  expansion,  and  area 
per  pound  of  steam  at  cut-off ;  the  rate  of  variation  with  each  of 
these  factors  depends  on  the  initial  pressure  of  the  steam  ;  tem- 
perature range,  except  as  controlled  by  expansion,  has  no  regular 
and  well-defined  effect.  It  is  not  certain  that  the  formula  is  in 
its  best  form,  but  the  writer  is  working  on  it,  and  when  sure  that 
it  is  in  the  best  possible  shape,  will  reduce  it  to  tabular  or  graph- 
ical form  for  convenient  use. 
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DCCXLIII.* 
EXPERIMENTS  IN  BOILER  BRACING. 

BT  FRARCI8  J.  OOLE,  PATIB80N,  N.  J. 

(Member  of  the  Society.) 

The  following  investigation  into  the  holding  power,  at  different 
temperatures,  of  varioos  styles  of  locomotive  firebox  crown  stays, 
was  made  by  the  writer  for  a  prominent  railroad  company.  The 
results  are  thought  to  be  of  sufficient  interest  to  present  to  this 
Society. 

The  object  in  view  was  to  test  them  as  nearly  as  possible 
under  the  same  conditions  as  in  actual  service,  when  used  in 
staying  the  firebox  of  a  locomotive,  and  particularly  to  note  the 
relative  decrease  of  the  holding  power  at  high  temperatures. 

In  all  these  tests,  it  is  assumed  that  the  bolts  are  spaced  4  by 
4  inches,  centre  to  centre,  supporting  an  area  of  16  square  inches. 

The  total  stress  which  each  one  would  be  required  to  sustain, 
due  to  the  pressure  of  the  steam,  would  be  this  area  multiplied 
by  the  maximum  boiler  pressure. 

At  150  pounds  steam  pressure  =  2,400  pounds. 


160 

=  2,560 

170 

=  2,720 

180 

=  2,820 

190 

=  8,040 

200 

=  8,200 

The  pocketing,  or  bagging  down,  which  is  characteristic  of  an 
overheated  crown  sheet  caused  by  low  water,  was  imitated  by 
using  a  bearing  plhte  of  ^-inch  steel,  8  by  8  inches  square,  with 
a  hole  4|  inches  in  diameter  bored  through  its  centre.  The 
area  of  this  hole  is  15.9  square  inches.  The  specimens  were 
screwed  or  driven  into  pieces  of  |-inch  steel  plate,  12  by  12 
inches  square. 

A  100,000-pounds  Biehle  screw,  testing  machine  was  used, 

•  Presented  at  the  Hartford  meeting  (May,  1897;  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Tran$aeHon$. 
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NoJ  3. 

No.  3.  —  llfQct  ^t  tibOfV  tihnti  ana  rivtttd  amr» 

Fig.  819. 


Hq,  4.  -  Umd  H*ae^n  M^  and  rU^ettd  ««r* 
FtO.  820. 
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the  specimen  plate  and  bdlt  being  inverted,  with  the  bearing 
plate  between  it  and  the  head  of  the  machine,  the  stay  bolt 
hanging  down  through  the  middle.  Sixteen  different  styles  of 
crown  stays  were  made,  specimens  numbered  1  to  16 ;  6  test 
pieces,  each  of  1  to  4 ;  and  4  pieces,  each  5  to  16,  numbered  1  to  76. 

These  specimens  represent  the  ordinary  forms  most  com- 
monly in  use,  and  other  styles  which  suggested  themselves. 
The  material  used  was  1-inch  round  mild  steel  of  58,390  pounds 
ultimate  tensile  strength,  with  an  elastic  limit  of  38,900  pounds* 
and  an  elongation  of  30.25  per  cent,  in  8  inches.  The  only 
exceptions  to  this  were  tests  No.  2,  specimen  6 ;  and  No.  70, 
specimen  16,  which  after  fracture  showed  unmistakably  to  have 
been  made  of  iron. 

The  1-inch  steel  sheets,  12  by  12  inches  (a  few  of  the  first  were 
6  by  6  inches)  square,  into  which  the  bolts  were  screwed,  were 
mostly  cut  from  one  large  sheet,  having  lengthwise  an  ultimate 
tensile  strength  of  59,150  pounds,  elastic  limit  of  28,800  pounds, 
with  an  elongation  of  31.75  per  cent,  in  4  inches ;  and  crosswise 
an  ultimate  tensile  strength  of  58,400  pounds,  elastic  limit  of 
28,010  pounds,  with  an  elongation  of  28  per  cent  in  4  inches, 
both  ways  showing  a  silky  fracture. 

The  specimens  were  heated  in  a  small  portable  forge,  along- 
side the  testing  machine.  The  plates,  with  the  bolts  projecting 
upward,  were  placed  on  the  fire,  and  the  heat  localized  in  the 
centre  over  a  diameter  of  about  6  inches,  by  keeping  a  small, 
bright  fire,  and  dampening  the  outside  with  fine  wet  coal,  to 
keep  it  from  spreading. 

In  this  method  of  heating,  the  head,  or  nut,  would  be  hotter 
than  the  rest  of  the  sheet,  imitating  in  a  measure  the  conditions 
which  are  present  in  a  locomotive  firebox.  In  all  the  hot  tests 
the  sheets  were  heated  to  a  bright  red,  but  in  the  first  tests, 
Nos.  1-22,  owing  to  the  slow  speed  of  the  machine,  and  the 
time  consumed  in  centring  the  specimen,  the  fracture  did  not 
take  place  until  some  of  them  were  almost  black ;  in  the  tests 
after  No.  22,  the  speed  was  very  much  quicker,  and  arrange- 
ments were  made  for  centring  the  specimens  very  rapidly. 
Evidently  the  temperature  at  parting  is  the  correct  one  upon 
which  to  base  the  holding  power  of  the  bolts. 
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D__^ 


N O.  6 .—  li'^Standard  nut  iappfd  out  fo  I*!  19  th  rea^f t     : 
and  riveted  over,         Pn^frft  abov  t  ^^  to  H 


No.  e.  —  l'^Stand€urd  nut,  U  th  read^^  riitt  ovtr 
Prqiect  about   Hi  f"  W*" 


Not.  fi  Ae. 

Figs.  821  and  823. 

No.  7.    BtUton  head  H'oroove  under  heaa^ 
No.  8.         "         ••   W     "  "        " 

No.  9.  "        "     H"    *'  "       " 

No.  10.        "        »    %"    "  "       " 


FiQi.  828,  824,  825,  and  826. 
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N  O.  11 .    Button  head  no  groove,  counteraunJ^ 


Fig.  1327. 

No.  12.   Button  head  no  gi-oove,  wOiher. 


8t§tl  Plait 
12"x  12" 


i 


^^ 


r 


^mm^^ 


:'mmmmmm^ 


Squart 


Fig.  328. 
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The  average  o£»the  tests,  in  which  those  of  lower  temperature 
and  doubtful  results  are  not  considered,  is  as  follows  : 


X': 


7 
8 
9 
10 
11 
12 
13 
14 

15 

16 


Tensile, 

Strength, 

Cold. 

Hot. 

lbs. 

lbs. 

16,350 

3,470 

16,700 

3,473 

17,600 

4,040 

20.783 

4,000 

41,950 

42,000 

6,000 

38,120 

7.096 

39,800 

6,933 

7,500 

39,800 

7,483 

39,800 

8.766 

42,580 

9,333 

43,100 

10,150 

39,720 

7,816 

24,000 

4,613 

40,300 

9,730 

RSMABKe. 


Head  jr "  above  she«t,  riveted  jast  enoagh  to  make  steam- 

tigbt;  head  not  to  exceed  li"  diameter. 
Head  i"  above  sheet,  riveted  over. 
Head  i^,j"  al>ove  sheet,  riveted  over. 
Head  i'  above  sheet,  riveted  over. 
V  std.  nut' tapped  out  to  1",  12  threads,  and  riveted 

over;  project  about  -^g"  to  i". 
1"  std.  Dut,  12  threads,  riveted  over ;  projects  about  -jV" 

toi". 
Button  head,  }"  groove. 
Button  head,  |J  '  groove. 
Button  heftd,  }"  groove. 
Button  head,  fj"  groove. 
Button  head,  no  groove,  countersunk. 
Button  head,  do  groove,  -,*,;"  copper  washer. 
Button  head,  with  l',V'  reamed  hole. 
1"  std.  nut,  12  threads,  nut  countersunk  {"  and  well 

riveted  over. 
Screwed  in  sheet,  12  threads,  rivet  head  i"  high  andi" 

diameter  ;  largest  head  which  can  be  formed. 
Button  head,  with  1\"  tapered  reamed  hole,  3"  thimble 

and  nut. 


Regarding  the  holding  power  of  stay  bolts  screwed  through 
I  plate  and  riveted  over,  as  shown  in  specimens  1  to  4  and  15,  it 
will  be  observed  that  the  average  holding  power  when  cold  is 
16,350  pounds  for  the  worst,  and  24,000  pounds  for  the  best ; 
and  when  hot,  3,470  pounds  for  the  worst,  and  4,613  pounds  for 
the  best.  This  would  indicate  that  the  best  riveted  head  which 
can  be  formed  cold,  made  in  the  usual  conical  shape,  has  a 
holding  power,  hot  and  cold,  very  much  less  than  the  worst 
form  of  bolt  with  solid  head,  even  when  nicked  or  grooved 
deeply  under  the  head,  or  bolt  screwed  through  with  a  nut  on 
under  side  of  sheet. 

It  does  not  appear  that  the  solid  button  head  bolts  are  defi- 
cient in  holding  power  when  tested  in  this  manner,  but  the 
principal  objection  to  their  use  is  the  liability  of  injury  when 
screwed  into  a  firebox  where  the  holes  are  not  tapped  at  right 
angles  to  the  sheet,  and  where  the  surface  of  the  sheet  is  curved. 
This  objection  can  easily  be  removed  by  properly  seating  the 
head.  It  is  the  regular  practice  of  the  locomotive  company 
with  which  the  writer  is  connected,  to  use  a  seating  tool,  which 
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faces  off  the  underside  of  the  sheet  exactly  at  right  angles  to 
the  longitudinal  axis  of  the  bolt  This  not  only  insures  a  much 
tighter  fit,  but  guarantees  absolutely  against  any  bending  of 
the  head,  when  screwing  it  close  up  to  the  crown  sheet. 

The  holding  power  of  the  stay  bolt  when  provided  with  a  nut 
is  considerably  increased,  when  red  hot,  by  countersinking  the 
nut  and  well  riveting  the  bolt  into  the  same,  as  shown  in  speci- 
men No.  14. 

The  characteristic  failure  of  the  bolts  when  screwed  through 
and  riveted  over,  was  by  the  sheet  bagging  down,  stretching 
out  the  threads  to  a  bell-mouth  shape,  and  shearing  off  a  small 
annular  ring  representing  the  thickness  of  the  riveting.  It  will 
be  observed,  when  referring  to  specimens  1  to  4  and  15,  that  the 
edges  of  the  head  are  very  shallow  where  they  are  sheared  off 
in  line  with  the  edge  of  hole,  and  that  the  holes  are  stretched 
to  such  an  extent  that  the  threads  lost  their  holding  power. 
Generally  speaking,  the  use  of  a  nut  increases  the  holding  power 
of  the  stay  bolt  over  the  plain  riveting,  when  tested  cold,  about 
100  per  cent.,  and  50  percent,  when  heated  to  a  bright  red. 

One  of  the  most  noticeable  features  shown  in  these  tests  is 
the  comparatively  slight  decrease  in  holding  power  of  any  of 
the  forms  of  crown  stays  until  a  temperature  exceeding  a  black 
or  dull  red  has  been  reached.  This  is  especially  so  in  the  case 
of  test  No.  14,  specimen  No.  1,  which,  at  a  dull  red,  showed  a 
strength  of  14,800  pounds,  and  the  average  strength  of  the  same, 
cold,  was  16,350  pounds.  The  results  of  the  tests  would  seem 
to  support  the  statement  that  the  average  holding  power  of  the 
usual  form  of  stay  bolt  at  a  dull  red  or  almost  black  heat  would 
be  decreased  from  its  strength  cold  about  50  per  cent.,  and  at  a 
bright  red,  decreased  to  about  one-fifth  of  its  original  strength, 
except  in  specimens  11,  12,  13,  and  16,  which  are  decreased  to 
about  one -fourth  of  their  original  strength.  In  the  case  of 
specimens  13  and  16,  their  holding  power  would  be  very  much 
increased  by  the  use  of  a  thicker  crown  sheet,  as  they  mostly 
failed,  both  hot  and  cold,  by  the  head  pulling  through  the 
sheet. 

The  conclusions  of  the  writer  are  : 

{(t)  That  the  centre  rows  (5  to  10,  according  to  the  size  of 
boiler)  of  the  crown  stays  should  be  provided  with  solid  but- 
ton heads  like  No.  11,  or  with  nuts  like  No.  14,  to  prevent  pull- 
ing through  in  case  the  crown  sheet  is  overheated. 
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No.  13.     Buiton  head  irith  reamed  hole. 


Fio.  829. 
No.ll4. 


N  o.  14.     V'Standard  nut,  12  threads,  nut  countersunk  M" 
and  icell  riveted  over. 

Ftg.  380 
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■-■^.-^,,-v.-.v.- 


ES^ 
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(b)  Grooving  or  catting  out  the  first  thread  under  the  head 
should  be  avoided.  It  not  only  weakens  the  bolt  in  its  most 
vital  point,  but  the  possibility  exists  that  some  bolts  are  liable 
to  be  cut  deeper  than  necessary  by  careless  workmen.  More- 
over, it  is  unnecessary,  as  tighter  work  can  be  done  by  slightly 
countersinking  the  sheet. 

(c)  It  is  good  practice  to  enlarge  the  end  screwed  in  the  crown 
sheet  for  1  inch  or  IJ  inches  directly  under  the  button  head, 
making  it  slightly  taper.  For  1-inch  round  crown  stays  a  good 
proportion  is  to  upset  the  lower  end  for  1^-inch  or  1^-inch 
thread,  leaving  the  upper  end  for  1-inch  thread.  For  li-inch 
round  stays,  lower  end  1^\  inches,  or  l^^^  inches  upper  end  for 
li-inch  thread. 

{(i)  The  argument  often  advanced,  that  it  is  safer  in  radial 
stay  boilers  to  omit  all  heads  or  nuts  on  firebox  ends  of  crown 
stays  and  allow  a  few  to  pull  through  easily  in  case  of  low 
water  so  as  to  put  out  the  fire  and  relieve  the  pressure,  does 
not  seem  to  hold  good  in  practice,  as  the  sudden  letting  go  of 
a  few  bolts  throws  such  an  additional  load  on  the  adjacent  ones, 
that  they  are  frequently  unable  to  stand  the  strain  and  tear 
out  row  by  row  until  the  whole  crown  is  blown  down. 

(e)  As  crown  sheets  are  usually  higher  in  front  than  behind 
and  arched  in  the  centre  in  radial  stay  boilers,  good  practice 
indicates  that  a  few  crown  stays  (say  10  or  12)  in  the  front  and 
in  the  centre — the  highest  point — should  be  left  without  heads  or 
nuts,  and  simply  riveted  over.  In  case  of  low  water  these  would 
pull  out  and  relieve  the  pressure,  before  the  rest  gave  way.  A 
prominent  railroad  having  this  in  view,  leaves  every  other  crown 
stay  riveted  over  without  solid  button  head  or  nut. 

(/)  It  is  better  to  face  the  sheet  with  a  cutter,  allowing  the 
solid  finished  metal  surfaces  to  come  together  without  twisting 
or  bending  the  crown  stay,  than  to  use  a  copper  washer  or  to 
bend  the  bolt  under  the  head  in  attempting  to  tighten  it  up 
"against  a  rough  uneven  surface. 


Fio.  888. 


Fio.  384. 
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TESTS  OP  CROWN  STAYS. 


Jd-Se 

f 

GO 

SJ= 

1 

4 

1 

10 

1 

14 

1 

57 

1 

58 

1 

66 

2 

6 

2 

18 

2 

19 

2 

41 

2 

55 

2 

56 

3 

8 

3 

17 

8 

20 

8 

40 

3 

58 

3 

54 

4 

5 

4 

8 

4 

12 

4 

22 

4 

59 

4 

60 

5 

7 

5 

11 

5 

15 

5 

21 

6 

1 

6 

2 

6 

l:j 

G 

16 

7 

25 

7 

29 

7 

38 

7 

47 

8 

82 

8 

83 

8  841 

8 

52 

1  B 

11,60(» 
l3,iX)0 
11,000 


10.500 
12,400 


12.000 


12.B00 
16,000 

6.^i00 
14,000 


28.000 
11,500 

i:i,yoo 


26,500 
24JK>0 
1 2, dm 

23,fJ0O 


22,000 


S6.000 


11 


Lbs 

16,500 
10.400 
14.8IX> 

3,500 

3,44^> 

]6»30O 
16,700 

6,300 
6,300 

3.40[>  10 
S.STOi  to 

17,  (500 

5,700 

;j.a'jO|  13 

4.3fK> 

:i,y7o 


11 


IflJOO 

2ti;joo 

8,900 

^*0,800 

4,2«) 

3,HO0 


43,100 

ai.otKJ 

23,300 
40,t»0 

42,000 
32,aWJ 
17.400 

0,tXH) 
Ji0,24<) 

7,H4H) 

6,340 

y?,ooo 

6,400, 

6.7iHi| 

30,800j 


13 


15 


Ebxabks. 


Cold  6'  plate  ;  pulled  through  sheet. 

Cold. 

Dull   red  ;  scarcely  perceptible ;  al- 

nioat  i>Inck  after  parting. 
Cberry  red;  not  quite  as  hot  as  No. 56; 

puikd  through  sheet. 
Bright    red    after    parting ;    pulled 

througli  sheet. 
6'  pluti^:  cold;  pulled  through  sheet. 
Cold  6"  plAte^ 
R«d. 
Red. 

Bright  red ;  6'  plate. 
Bright  red  ;  pulled  through  sheet. 
6ri|^ht    red    after    parting ;    pulled 

tbroaj^h  sheet. 
Cold  6^  plate. 
DhH  red  after  parting. 
( 'berry  red. 

6'  plate  :  very  bright  red. 
Bright  red;   pulled  through  sheet. 
Bright    Tud    after    parting ;    pulled 

tbrough  sheet. 
Cold  6^  plate. 
Almost  black  after  parting. 

6"  plflte;  cold. 

Clierrv  red,  not  quite  as  hot  as  No.  58; 
jmlled  through  sheet. 

Bright    red    after    parting ;    pulled 
inroagb  sheet. 

Cold  6'  plate. 

Hull  T^i]  ;  almost  black  after  parting. 
Dull  red ;  almost  black  after  parting. 
Ck)ld  6'  plate. 


Cold  6'  plate. 

Cold  6^  plate,  iron. 

Dull  ft.*d  after  parting. 

I*lat©  red  ;  nut  bright  red. 

Cold,  broke  in  nick. 

BH^bt  red  ;  parted  while  bright  red, 
finniG  i\A  No.  28. 
16  Bright  red  ;  broke  in  nick. 

Cold  ;  parted  in  nick. 

Bright  red  ;  broke  in  nick. 
12  Britrbt  red  ;  broke  in  nick. 
16  Britrhi  rt2d  ;  parted  in  nick. 

iCold  ;  piirted  midway,  6'  from  lower 
en  1.1. 


Head  y  above 
sheet,  riveted 
just  enough 
to  make  steam 
tight  ;  head 
not  to  exceed 
ly  diameter. 


Head  Y  above 
^    sheet,  riyeted 
over. 


Head  ^5'  above 
sheet,  riveted 
over. 


Head  i'  above 
sheet,  riveted 
over. 


i'  std.  nut  tap- 
ped ODt   to  1', 

12  threads  and 
riveted  over  ; 
project  about 
i^'toi'. 
1'  std.  nut,  12 
threads  riveted 
over ;  project 
about  i^g'toi'. 

Button  head.  }' 
1    groove. 


Button  head.^;* 
groove. 
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TESTS  OF  CROWN  STAYQ.^Continued), 


1^ 

II 

It 

QD 

§1 

Lbs. 

Lbs. 

9 

42 

6.630 

28 

9 

43 

7.500 

23 

9 

44 

7.770 

20 

9 

45 

8,100 

24 

10 

46 

7.700 

25 

10 

49 

7,500 

18 

10 

50 

26.800 

89,800 

10 

51 

7.250 

22 

11 

24 

27,000 

39.800 

11 

28 

8.000 

20 

11 

36 

9,400 

18 

11 

39 

8.900 

21 

12 

30 

10,000 

18 

12 

31 

9.200 

19 

12 

37 

8.800 

19 

12 

48 

28,800 

42,580 

13 

23 

32,500 

48,100   1 

13 

26 

7.000 
bright 

26,000 
black. 

18 

27 

9,700 

20 

13 

85 

10,600 

24 

14 

67 

19,000 

39,720 

14 

71 

7.560 

18 

14 

72 

7,890 

28 

14 

73 

8.000 

28 

15 

61 

17,000 

24,000 

15 

63 

4,450 

25 

15 

64 

4.900 

28 

15 

65 

4.500 

18 

16 

62 

22  800 

40.800 

16 

68 

9,660 

17 

16 

69 

9,800 

29 

16 

70 

6.630 

14 
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Bright  red  ;  parted  in  Dick. 

Bright  red  ;  parted  at  first  thread. 

Bright  red  ;  parted  in  nick. 

Bright  red  ;  parted  in  nick. 

Bright  red  ;  parted  in  first  thread. 

Brigbt  red,  ;  parted  in  first  thread. 

Cold  ;  parted  in  centre  7]'  down. 

Bright  red  ;  parted  in  first  thread. 

Cold  ;  broke  in  bolt  midway. 

Bright  red;  parted  while  bright  red; 
anything  a  little  hotter  than  No.  27. 

Bright  red  ;  broke  in  first  thread  be- 
low nick. 

Bright  red. 

Bright  red;  parted  while  bright  red. 

Bright  red  ;  parted  while  bright  red. 

Bright  red  ;  broke  in  first  thread  be- 
low nick. 

Cold  ;  parted  3'  from  lower  end. 

Cold  ;  pulled  head  through  sbeet. 

Slow  speed  ;  red,  head  bright  red. 


Bright  red;  faster  speed  than  No.  26; 

parted  while  bright  red. 
Bright  red  ;  pulled  through  sheet. 

Pulled  cold  ;  bolt  broke. 
Bright  red  after  parting. 
Bright  red  ;  red  after  parting  ;  strip- 
ped in  nut. 

Bright  red  after  parting ;  bolt  broke 
between  nut  and  sheet ;  nut  split 
slightly  on  one  side,  and  riveting 
pulled  in  fiush  with  top  of  nut. 

Pulled  cold  ;  pulled  through  sheet, 

head  shearea. 
Bright    red    after   parting ;    pulled 

through  sheet. 
Bright  red ;  red  after  parting  ;  pulled 

through  sheet. 
Bright    red    after    parting  ;    pulled 

through  sheet. 
Pulled  cold;  bolt  broke,  7'  from  plate. 
Bright    red    after   parting  ;    pulled 

through  sheet. 
Bright    red    after   parting  ;    pulled 

through  sheet. 
Bright  red  after  parting  ;  bolt  broke; 

found  to  be  iron. 


^Button  head,  J* 
groove. 

Button      head, 
iJ'  groove. 


Button  head, 
no  groove, 
countersunk. 


Button  head, 
no  groove,  ^' 
copper  washer. 


Button  head 
with  1|^ 'ream- 
ed hole. 


1'  std.    nut,    12 

threads,     nut 

>    countersunk 

Y    and  well 

riveted  oyer. 


Screwed  in 
sheet,  12 
threads,  rivet 
head  i'  high 
and  ll'diam.. 
largest  head 
which  can  be 
formed. 


Button  head 
with  li'  ta- 
pered reamed 
hole,  8'  thim- 
ble and  nut. 


Fig.  386. 
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Fig.  845. 
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Fig.  354. 
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Fig.  860. 


Spec.  ii. 


***CoU** 


Fig.  861. 
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EXPEBIMEMTS  IN  BOILEB  BRAdMO. 


1013 


•PCC.  13. 


HO.  27., 


65 


1014 


£XP£fiIM£NT8  IN   BOILEB  BBAOIXO. 


8PCC.  15. 


NO.  63. 


Fro.  871. 


EXPERIMENTS  IN  BOILER  BRACING 


1015 


DISCUSSION. 

Mr.  &US.  C.  Henning. — It  seems  almost  nnneoessary  to  go  into 
such  detail  and  point  out  the  difference  between  cold-riveted  coni- 
cal-headed stay  bolts  and  batton-headed  stay  bolts,  because  if  you 
look  into  the  thing  from  the  point  of  our  general  knowledge  of 
the  behavior  of  materials  it  cannot  be  otherwise.  I  have  sketched 
Fig.  372  and  Fig.  373.     Fig.  373  shows  how  the  metal  flows  in  the 


Fig.  8?2. 


Pig.  878. 


head,  if  there  is  any  flow  at  all,  and  the  fibres  are  continuous,  run- 
ning around  to  the  very  edge.  AU  of  the  material  is  good.  If 
the  rivet  is  to  be  calked  it  should  be  calked  a  little  bit  along  the 
sheet  at  the  other  end  of  the  rivet.  The  livel-heads  generally 
have  quite  a  sharp  edge  rounded  off.  But  a  rivet  driven  that  way 
ought  to  be  tight  without  calking.  If  it  is  not,  there  is  something 
wrong  with  the  rivet.  The  rivet  in  Fig.  373  shows  a  very  slight 
flow  of  metaL  To  form  that  rivet  all  of  tlie  material  at  the  lines 
B  and  Bi  is  crushed  and  absolutely  worthless  to  resist  strain.  As 
long  as  the  fibre  is  continuous  the  material  has  strength.  If  it  is 
upset  by  hammering  or  any  other  process  so  that  the  fibres  are 
not  continuous,  it  practically  loses  its  strength.  Therefore  it  is 
almost  axiomatic  that  a  conically  headed  rivet  driven  cold  cannot 
be  as  strong  as  the  other.  Not  only  that,  but  tlie  material  will 
wear  off  more  rapidly  because  it  is  ruined — it  is  all  hammered  ; 
and  when  metal  is  hammered  long  enough,  it  comes  off  in  flakes. 
I  saw  one  rivet  which  a  man  claimed  that  he  drew  through  a  hole 
seven-eighths  of  an  inch  in  diameter,  and  the  rivet  was  one  and 
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one-eighth  inches  across  the  head.  Figures  369  to  371  of  the 
paper  show  almost  the  same  thing.  You  will  notice  the  rivet  on 
the  bottom  of  the  page,  which  is  practically  palled  through  the 
hole,  with  the  extreme  edge  broken  off.  I  have  seen  a  rivet  pulled 
through  a  hole  like  this,  and  it  was  not  broken  ;  it  looked  as  if 
the  rivet  was  sheared  down. 

Another  thing  in  the  paper,  page  991 :  the  material  is  character- 
ized as  having  a  tensile  strength  of  58,390  pounds  and  an  elastic 
limit  ot  38,900  pounds.  Now,  for  boiler  steel  this  is  certainly 
very  poor  material,  because  the  elastic  limit  is  so  high  above 
what  it  ought  to  be,  and  with  an  elongation  of  30.25  per  cent  in 
8  inches.  The  elastic  limit,  I  have  no  hesitation  in  saying, 
would  not  exceed  about  32,000  or  33,000  when  properly  tested. 
I  think  the  yield  point,  or  a  load  beyond  the  yield  point  at  which 
the  machine  allowed  him  to  observe  it,  is  meant.  In  the  dis- 
cussion on  another  paper  I  will  point  this  out,  and  show  diagrams 
where  it  is  clearly  recognized  that  such  an  elastic  limit  as 
38,900  is  a  myth. 

In  the  next  paragraph  there  is  a  tensile  strength  of  59,160 
and  an  elastic  limit  of  28,800 — 10,000  pounds  less  than  the 
previous  one  given.  Now,  if  the  first  was  stay-bolt  iron  the 
second  is  not.  I  don't  know  of  any  material  that  has  a  strength 
of  practically  00,000  and  an  elastic  limit  of  28,800,  unless  it  has 
been  soaked — Ihat  is,  overheated,  or  ruined  otherwise.  It  is  not 
stay-bolt  iron.  Nor  is  the  boiler  plate  which  is  there  mentioned 
characterized  as  boiler  plate  by  these  tests.  An  elongation  of 
31.75  per  cent,  in  4  inches  is  given.  That  would  correspond 
to  23.9  in  8  inches.  The  next  test  is  almost  exactly  like  it — tensile 
strength  58,400  and  elastic  limit  28,040 — and  it  can  be  shown  that 
an  elastic  limit  of  28,040  is  absolutely  impossible.  There  is  no 
such  metal,  especially  in  three-eighths  plate  ;  and  the  elongation 
of  28  per  cent,  in  4  inches,  which  is  22  per  cent,  in  8  inches — I  don't 
think  a  statement  of  that  sort  ought  to  go  unchallenged  in  a 
paper  before  the  Society ;  therefore  I  call  attention  to  it. 

Mr.  James  Hartness, — There  is  another  point,  perhaps,  regard- 
ing the  holding  of  stay  bolts,  which  it  is  well  to  mention,  and  that  is 
the  screw  thread  and  length  of  lead  compared  with  that  of  the  tap 
which  produced  the  thread.  This  becomes  of  considerable  impor- 
tance in  placing  a  stay  bolt  in  an  old  boiler.  If  the  tap  has  a  lead 
which  is  ^  short  in,  perhaps,  6  inches,  and  the  bolt  a  lead  which 
is  ^  long  in  6  inches,  you  can  see  readily  that  that  will  do  almost 
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no  good  except  to  stop  ttp  the  holes  caased  by  remoyiDg  the  leaky 
stay  bolt;  and  to  overcome  that  I  have  recommended  the  use  of 
tandem  dies,  one  die  placed  directly  forward  of  the  other,  and 
located,  as  to  lead,  to  correspond  with  the  lead  of  the  taps  which 
are  used. 

JUr.  Francis  J.  Cole* — From  the  remarks  of  Mr.  HcDning  it  is 
apparent  that  he  has  not  read  the  paper  so  carefally  as  to  dis- 
tinguish the  difference  between  screw  stays  riveted  cold  with 
small  heads  and  those  with  button  heads  formed  hot  by  upsetting 
in  a  bolt-heading  machine. 

It  is  customary  to  rivet  over  the  ends  of  screw  stays  to  make 
them  steam-tight,  the  work  necessarily  being  performed  cold. 
The  threads  are  mostly  depended  upon  for  holding  power  in  the 
sheets.  It  is,  however,  a  disputed  point  among  practical  men  to 
what  extent  the  size  of  the  head,  when  riveted  cold,  increases  the 
holding  power.  The  averag'e  of  the  tests  shows  that  the  increase 
between  the  crown  stays  just  riveted  over  enough  to  make  them 
steam-tight  and  those  with  the  laigest  conical  heads  which  could 
be  formed  was  1,143  pounds  hot  and  7,650  pounds  cold,  or  about 
88  and  47  per  cent,  increase,  respectively.  Again,  all  the  stays 
with  conical  heads  were  screwed  into  the  sheets,  and  the  varying 
sizes  of  these  heads  were  only  a  secondary  factor  in  their  hold- 
ing  power,  the  screw  threads  affording  the  major  part  of  the 
resistance. 

In  specimens  13  and  16  only  there  is  no  thread,  the  button 
heads  of  the  bolts  which  were  upset  in  a  machine  being  relied 
upon  entirely  to  prevent  them  pulling  out  of  the  sheet,  except  in 
Fig.  332,  where  the  taper  affords  a  slight  resistance.  In  the  dis- 
cussion. Figs.  372  and  873  show  rivets  driven  in  taper  holes  with 
conical  and  button  heads  without  threads,  the  heads  apparently 
being  formed  after  inserting  the  rivets  in  the  sheets.  These  fig- 
ures do  not  represent  tho  forms  given  in  the  paper,  and  it  is 
therefore  unnecessary  to  enlai^e  further  upon  this  part  of  the 
discussion.  The  object  of  the  tests  was  to  ascertain  the  relative 
strength  of  different  forms  of  crown  stays,  not  rivets,  with  various 
forms  of  heads  and  depths  of  grooves  and  their  holding  power, 
both  hot  and  cold. 

Wrought  iron  is  almost  universally  used  for  all  crown  and 
screw  stays  in  locomotive  boilers.  Mild  steel,  in  spite  of  its  great 
ductility  and  toughness,  is  still  considered  not  so  reliable,  on  ac- 

♦  Author's  closure,  under  the  Rules. 
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count  of  its  tendencj  to  crack  wben  graoved  or  nicked — as  in  the 
root  of  screw  threads,  etc. — although  this  characteristic  would 
not  materially  influence  the  results  of  these  tests.  A  sufficient 
amount  of  one  kind  of  first-class  iron  was  not  on  hand  at  the 
time  the  tests  were  commenced  ;  therefore  mild  steel  was  used  in 
its  place.  While  the  tensile  strength  was  somewhat  higher,  it 
was  not  considered  enough  to  influence  greatly  the  comparative 
results.  The  three-eighths  boiler  steel  was  first-class  material. 
The  elastic  limits  were  merely  given  because  they  were  observed 
and  recorded,  not  from  any  particular  significance  in  relation  to 
the  tests.  In  specifications  for  boiler  steel  issued  by  many  promi- 
nent railroads  in  this  country,  no  mention  is  made  of  the  elastic 
limit,  the  elongation,  tensile  strength.  Cold  and  quenching  bend- 
ing tests  and  chemical  composition  are  judged  sufficient  to  guar- 
antee the  quality  of  the  metal.  As  the  elastic  limit  depends  so 
much  upon  the  reduction  of  the  billet  or  ingot,  the  number  of 
passes  through  the  rolls  and  the  heat  when  finishing,  it  is  not 
usually  observed  for  mild  boiler  steel  Moreover,  as  sheets  which 
have  been  flanged  are  annealed,  any  high  elastic  limit  caused  by 
rolling  at  low  temperature  is  neutralized  and  reduced  to  a  normal 
condition.  The  elastic  limit  here  given  is  the  commercial  one  in 
universal  use  in  most  rolling  mills — namely,  that  observed  by  the 
drop  of  the  beam. 

It  would  be  out  of  place  at  this  time  and  foreign  to  the  tenor 
of  the  paper  to  enter  into  any  extended  discussion  of  what  con- 
stitutes good  boiler  material.  The  following  tests  of  steel  boiler 
plates  made  by  different  observers  and  of  various  makes  will 
show  that  the  elastic  limit,  or  what  is  usually  known  as  such,  of 
mild  steel,  does  not  bear  an  exact  relation  to  the  ultimate  strength, 
but  depends  largely  upon  the  mechanical  treatment  which  the 
material  receives. 


Ultimate 

Elastic 

inSIn. 

Size. 

Btrebgth. 

limit 

.40    X  1.5 

51,616 

26,883 

82.50 

.818  X  1.49 

62.722 

85,880 

26.25 

.886  X  1.48 

56,858 

86,304 

26.87 

.829  X  1.49 

64,661 

34,067 

23.25 

.890x  1.50 

57.928 

28,205 

26.62 

1.56  X  .867 

60,520 

81,940 

85.00 

1.56  X  .808 

58,420 

41,460 

28.75 

1.52  X  .432 

50,0*20 

80,280 

86.00 

1.256  X  .573 

60,700 

48,660 

80.26 

1.815  X  .497 

58,790 

85,880 

29.6 
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Speaking  generally,  the  elastic  limit  should  not  be  less  than 
50  per  cent,  nor  more  than  70  per  cent,  of  the  ultimate  strength 
for  boiler  plates  where  the  steel  possesses  the  other  necessary 
qualifications. 
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DCCXLIV* 
A   CONTINUOUS  STEAM-ENGINE  INDICATOR. 

BT  TBOMAB  OEAT,  TBBBB  HAITTK,  tMD. 

(Member  of  the  Soeicty.) 

The  instrnment  described  in  this  paper  was  devised  in  the 
spring  of  1892  with  the  object  of  obtaining  a  record  of  the  per- 
formance of  a  gas  engine  daring  a  series  of  successive  cycles  of 
operation.  These  records  were  to  be  used  for  the  determination 
of  the  average  indicated  horse-power  of  the  engine,  and  also  for 
the  study  of  the  character  of  the  successive  explosions  when  the 
engine  was  governing,  when  the  relative  supply  of  air  and  gas 
was  varied,  etc.  A  somewhat  crude  form  of  the  instrument  was 
at  that  time  constructed,  and  was  successfully  used  during  a 
number  of  tests.  The  great  convenience  of  this  kind  of  indica- 
tor not  only  for  the  study  of  gas-engine  performance,  but  for  the 
testing  of  all  kinds  of  engines  under  rapidly  varying  conditions 
as  to  load,  etc.,  was  at  once  apparent,  and  led  to  the  development 
of  the  forms  of  the  instrument  here  described. 

The  most  important  feature  of  this  kind  of  indicator  is  the 
mechanism  for  producing  continuous  forward .  motion  of  the 
record  sheet  by  means  of  the  backward  and  forward  motion  of 
the  piston  of  the  engine.  A  continuous  uniform  motion  is  of 
course  readily  obtained,  either  from  one  of  the  revolving  shafts 
of  the  engine  or  from  an  independent  source,  and  for  some  pur- 
poses is  sufficient ;  but  where  the  card  is  to  be  used  for  any- 
thing more  than  illustrative  purposes,  and  even  for  that,  it  is 
desirable  that  the  rate  of  motion  of  the  paper  should,  at  all  parts 
of  the  stroke,  bear  a  constant  ratio  to  that  of  the  piston. 

A  sketch  of  one  form  of  the  instrument  which  has  been  found 
to  give  satisfactory  results  is  shown  in  Fig.  874.  On  the  left  of 
the  sketch  the  cylinder  of  an  ordinary  indicator  with  its  record- 
ing levers  will  be  recognized.  The  recording  pen  is  shown  in 
contact  with  a  ribbon  of  paper,  Fy  near  its  lower  edge.    This 

*  Presented  at  the  Hartford  meeting  (Maj,  1807)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XVIII.  of  the  Trantac^onB, 
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ribbon  of  paper  is  drawn  from  a  drum  G  (Fig.  375),  carried  around 
an  idler  cylinder  at  /,  and  wound  on  a  drum  H.  The  rate  of 
motion  of  the  paper  is  controlled  by  the  cylinder  L\  which  is 
driven  by  the  engine  in  the  following  manner :  The  wheel  A  is 
made  to  oscillate  backwards  and  forwards  through  the  required 
arc  by  means  of  any  of  the  ordinary  reducing-motion  arrange- 
ments used  for  taking  indicator  cards.  Cords  or  metal  straps 
are  attached  to  the  upper  and  lower  sides  of  the  wheel  A  and 
carried  in  similar  directions  round  the  pulleys  BB,  which  are 
fixed  to  the  upper  and  lower  ends  of  the  shaft  of  the  cylinder  C. 


"Gray" 


Fig.  874. 


The  free  ends  of  these  cords  are  then  led  round  the  pulleys  D 
and  connected  together  through  a  short  spring,  E.  If  we  now 
suppose  the  wheel  A  to  be  turned  in  such  a  direction  as  to  pull 
the  cord  towards  it  round  the  upper  pulley  B^  the  tension  on 
the  cord  between  the  wheel  and  the  upper  pulley  will  be  greater 
than  the  tension  given  by  the  spring  E,  while  the  tension  on  the 
cord  between  the  wheel  and  the  lower  pulley  will  be  less  than 
that  given  by  the  spring  E,  The  cylinder  G  will,  in  conse- 
quence, be  given  a  clockwise  rotation,  the  lower  cord  slipping 
round  its  pulley  and  acting  the  part  of  a  strap  brake  to  prevent 
excessive  movement.  When  the  motion  of  the  wheel  A  is  re- 
versed the  cord  between  the  lower  pulley  and  the  wheel  has  the 
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greater  tension,  and  thus  causes  the  cylinder  C  to  turn.  This, 
however,  also  gives  a  clockwise  motion  to  the  cylinder  C,  and 
hence  it  is  clear  that  both  the  forward  and  backward  stroke  of 
the  engine  piston  will  turn  the  cylinder  C  in  the  same  direction 
and  at  a  rate  which,  at  every  instant,  is  proportional  to  the  rate 
of  motion  of  the  piston.  The  frame  which  carries  the  drums  G 
and  n  swings  round  an  axis  at  /  and  is  pressed  towards  the 
cylinder  C  by  a  spring.  The  paper  ribbon  passes  between  the 
drum  H  and  the  cylinder  (7,  and  thus  when  the  cylinder  is 
turned  the  drum  is  caused  to  rotate  and  wind  forward  the  paper. 
Since  the  drum  77  is  driven  through  the  pressure  of  C  on  the 
paper  as  it  comes  from  the  idler  /,  and  since  C  turns  an  equal 
amount  for  each  stroke,  the  length  of  paper  which  passes  the 
recording  pen  is  also  the  same  for  each  stroke,  no  matter  how 
much  paper  may  be  stored  on  the  drum. 

f  Swinging  frame 
>Kotedft»*<P* 


*©^:^^ 


Fig.  875. 

The  resultant  turning  moment  given  by  the  combined  action 

of  the  upper  and  lower  cords  to  the  cylinder  C  may  be  expressed 

as  follows:  Suppose  the  upper  cord  to  be  pulled,  and  let  the 

tension  on  the  side  nearest  the  wheel  Ahe  T^  while  the  tension 

given  by  spring  E  is  T  and  that  on  the  lower  cord  between  B 

T      T 
and  A  is  T\  then  we  have^,  =  —  =  ^*,  where  e  is  the  base  of 

the  Naperian  system  of  logarithms,  }x  the  coefficient  of  friction 
between  ihe  cord  and  the  pulley,  and  B  the  angle  of  lap  of  the 
cord  in  radians.    We  thus  get  a  forward  moment  of 

M=  (T-  T)  r  =  T'r  (^«  -  1) 
and  a  backward  moment  of 

M'  =  {T  -  r)  r  =  T'r  (^«  -  1), 
where  r  is  the  radius  of  either  of  the  pulleys  B. 

Taking  the  difference  of  these  two  moments,  we  get  for  the 
effective  turning  motive  the  expressions 

M  -JIf' =  {T  +  r  -  2T')  r  =  {T  -T")  (^«— l)r  =  rV(^«  -!)• 
This  turning  moment  is  evidently  always  such  as  to  turn  the 
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drum  in  the  same  direction  whether  the  upper  or  the  lower 
side  of  the  wheel  A  recedes  from  the  cylinder  C.  The  pull  T 
should  always  be  sufficient  to  insure  that  the  cord  which  has  to 
slide  should  do  so  without  becoming  slack ;  that  is  to  say,  T 
should  be  large  enough  to  prevent  any  accidental  sticking  of  the 
cord  from  causing  T"  to  become  zero. 

When,  under  the  circumstances  just  described,  a  curve  is 
drawn  on  the  ribbon  by  means  of  a  pen,  the  height  of  which 
above  a  datum  line,  corresponding  to  zero  pressure,  is  propor- 
tional to  the  steam  or  gas  pressure  on  one  side  of  the  piston  of 
the  engine,  the  area  of  the  paper  included  between  the  datum 
line  and  the  curve  is  proportional  to  the  work  done  on  that 
side  of  the  piston.  This  work  is  positive  for  the  forward  stroke 
and  negative  for  the  backward  stroke.  If  the  indicator  piston 
and  piston  rod  be  properly  proportioned  to  suit  those  of  the 
engine  tested,  and  the  ends  of  the  indicator  cylinder  be  connected 
to  the  corresponding  ends  of  the  engine  cylinder,  the  ordinates  of 
the  curve  will  at  all  times  be  proportional  to  the  eflfective  rate 
of  working.  For  the  study  of  the  action  of  the  working  fluid, 
the  effects  of  different  setting  of  valves,  of  throttling,  of  varying 
speeds,  and  so  forth,  the  most  convenient  arrangement  is  to 
connect  one  end  of  the  indicator  cylinder  to  one  end  of  the 
engine  cylinder  in  the  ordinary  way.  The  atmospheric  line  is 
drawn  by  a  second  pen  (not  shown  in  the  sketch),  which  is  made 
to  serve  the  double  purpose  of  drawing  a  datum  line  for  the 
diagram  and  of  marking  a  time  scale  on  the  ribbon.  The  time 
scale  is  obtained  by  attaching  the  pen  to  the  armature  of  a  small 
electromagnet,  the  coil  of  which  is  in  circuit  with  a  battery  and 
a  break-circuit  clock.  The  clock  used  marks  half  seconds,  and 
works  satisfactorily  even  when  carried  on  the  front  of  a  locomo- 
tive drawing  an  express  train. 

The  paper  ribbon  on  which  the  record  is  taken  is  usually 
about  two  inches  broad,  and  is  carried  on  a  light  brass  drum,  G 
(Fig.  375),  which  is  prevented  from  turning  too  freely  by  a  light 
friction  brake.  •  The  paper  is  passed  over  the  idler  /for  the  pur- 
pose of  presenting  a  writing  surface  in  a  constant  position  rela- 
tively to  the  pen  levers  and  also  for  the  purpose  of  allowing  the 
drums  G  and  H  to  be  placed  a  short  distance  from  the  indicator 
cylinder.  This  precaution  is  advisable  in  order  to  prevent  escap- 
ing steam  from  wetting  the  pulleys  B  or  overheating  the  cylinder 
C,  which  is  found  to  work  best  when  covered  with  rubber.    The 
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drums  G  and  H  are  made  interchangeable,  and  provision  is 
made  so  that  they  can  be  quickly  removed  and  interchanged  so  as 
to  use  the  paper  more  than  once  if  desired.  A  number  of  drums 
is  provided  so  that  ample  paper  is  available  for  a  number  of 
tests.  Each  drum  carries  upwards  of  200  feet  of  ribbon,  and 
hence,  allowing  two  inches  to  each  stroke  of  the  engine,  one 
roll  of  paper  is  capable  of  taking  over  1,000  successive  strokes. 

The  method  of  feeding  the  paper  ribbon  adopted  in  this 
instrument,  requires  the  cylinder  C  and  the  drums  to  be  care- 
fully adjusted  so  as  to  prevent  the  paper  from  travelling  to- 
wards one  end  or  other  of  the  drum  //.  When  the  adjustment 
is  once  made,  however,  the  apparatus  works  perfectly.  A  some- 
what more  perfect  but  much  more  expensive  arrangement  is  to 
drive  the  storage  drum  by  clockwork  and  a  spring,  while  the 
paper  is  passed  between  the  cylinder  G  and  a  second  roller. 
The  cylinder  C  then  simply  controls  the  motion,  and  is  then 
somewhat  more  easily  driven.  Both  of  these  arrangements  give 
cards  of  equal  length,  no  matter  how  much  paper  is  on  the 
drum  H.  When  quantitative  measurements  from  the  cards  are 
not  required  the  paper  may  be  wound  directly  on  to  the  cylin- 
der C.  The  cards  then  increase  in  length  as  the  amount  of 
paper  in  the  cylinder  increases,  but  this  is  unimportant  in  such 
a  case,  as  the  change  for  successive  cards  is  not  noticeable. 

Another  method  of  driving  the  cylinder  C  is  indicated  in  Figs. 
376  and  377.  Fig.  376  is  a  plan  of  the  part  below  db  in  Fig.  377, 
and  Fig.  377  may  be  taken  as  a  section  on  oft  (Fig.  376)  of  one  end 
of  the  shaft  and  driving  mechanism  of  the  cylinder  C  (Fig.  374). 
In  Fig.  377  the  (hiving  pulley  is  shown  at  p.  It  is  in  this  case 
loose  on  the  shaft,  but  carries  two  pawls,  qq  (Fig.  376).  These 
pawls  are  pressed  by  springs  against  the  rim  of  a  shallow  cylin- 
drical box  which  is  fixed  to  the  shaft.  The  pawls  are  so  ad- 
justed that  when  the  pulley  turns  in  one  direction  (clockwise 
in  the  figure),  the  box,  and  therefore  the  cylinder  (7,  is  turned 
with  it,  but  when  the  pulley  turns  in  the  opposite  direction  the 
pawls  simply  slip  round,  while  at  the  same  time  the  cylinder  is 
turned  by  the  pulley  on  the  other  end  of  the  shaft.  In  this 
arrangement  the  cords  do  not  slip  on  the  pulleys,  but  the  con- 
nection of  the  pulley  to  the  shaft  is  such  as  to  slip  in  one  direc- 
tion and  grip  in  the  other.  This  gives  precisely  the  same  action 
as  before,  and  has  the  advantage  that  for  the  same  amount  of 
driving  power  the  frictional  resistance  is  much  smaller. 
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In  illustration  of  the  action  and  application  of  this  indicator 
two  diagrams,  Figs.  378  and  379,  are  here  given. 

In  Fig.  378  is  shown  a  series  of  cards  taken  from  a  locomotive 
which  was  drawing  the  New  York  and  St.  Louis  express.  The 
engine  starts  from  rest  at  Greeneastle  Junction,  and  attains  on 
an  up  grade  a  speed  of  about  forty  miles  an  hour.  All  the  cards 
are  shown  until  the  engine  acquires  a  speed  of  sixty-six  revolu- 
tions per  minute,  after  which  the  cards  change  very  little. 
Samples  of  cards,  with  the  number  of  the  revolutions  of  the 
engine,  reckoned  from  the  start,  and  the  corresponding  speed, 
are  given  in  the  last  column.  From  the  print  here  illustrated  to 
the  end  of  the  record  the  speed  varied  between  210  and  200 


"Gray" 


Fig.  876. 


Fig.  877. 


revolutions  per  minute.  The  engine  therefore  attained  full 
speed  in  about  330  revolutions,  or  in  approximately  one-mile  run. 

Fig.  379  is  a  sample  of  the  results  obtained  from  the  high- 
pressure  cylinder  of  a 250-horsepower  Westinghouse  compound 
engine  while  driving,  in  parallel  with  another  engine,  the  Terre 
Haute  street  railway  plant.  A  few  of  the  cards  have  the  com- 
pression-half dotted  back  so  as  to  show  the  work  area  of  the 
card.  The  series  of  cards  is  continuous,  the  speed  of  the  engine 
being  approximately  250  revolutions  per  minute.  The  cross 
marks  on  the  datum  line  show  points  one  second  apart  in  the 
record.  It  will  be  noticed  that  the  engine  passes  from  nearly  full 
load  to  near  zero  load  in  about  two  seconds  at  one  part  of  the 
record.  This  gives  a  good  illustration  of  the  highly  variable 
condition  as  to  load  under  which  such  power  plants  have  to 
operate.  It  should  be  stated  that  so  great  and  sudden  a  varia- 
tion was  not  again  observed,  but  conditions  approaching  these 
are  not  rare. 

To  help  interpretation  of  the  record,  attention  may  be  called 
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to  the  fact  that  a  loop  in  the  ordinary  indicator  card  forms  a 
forward  step  in  these  cards.  This  is  indicated  in  the  cards, 
which  are  dotted  back  in  the  diagram  given. 


DISCUSSION. 


Mr,  Albert  A,  Cary, — Mr.  Gray's  paper  has  been  one  of  no 
small  interest  to  me,  recalling,  as  it  does,  a  number  of  experi- 


Fig.  380. 

ments  in  which  I  have  endeavored  to  secure  a  series  of  indicator 
diagrams  in  as  close  succession  as  possible  in  order  to  catch 
readings  of  extreme  variations  of  load,  as  well  as  to  determine 
what  the  true  average  load  really  was.  At  one  time  I  used  three 
interchangeable  paper  drums  for  my  indicator,  keeping  an  assis- 
tant at  work  taking  off  and  putting  on  new  cards ;  but  this  proved 
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to  the  fact  that  a  loop  in  the  ordinary  indicator  card  forms  a 
forward  step  in  these  cards.  This  is  indicated  in  the  cards, 
which  are  dotted  back  in  the  diagram  given. 

DISCUSSION. 

Mr,  Albert  A.  Gary. — Mr.  Gray's  paper  has  been  one  of  no 
small  interest  to  me,  recalling,  as  it  does,  a  number  of  experi- 


ments in  which  I  have  endeavored  to  secure  a  series  of  indicator 
diagrams  in  as  close  succession  as  possible  in  order  to  catch 
readings  of  extreme  variations  of  load,  as  well  as  to  determine 
what  the  true  average  load  really  was.  At  one  time  I  used  three 
interchangeable  paper  drums  for  my  indicator,  keeping  an  assis- 
tant at  work  taking  off  and  putting  on  new  cards  ;  but  this  proved 
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far  from  satisfactory,  as  I  often  missed  important  *'peak  loads" 
by  being  unavoidably  a  moment  too  late.  A  few  days  ago,  after 
receiving  a  copy  of  Mr.  Gray*s  paper,  I  learned  of  another 
continuous  steam-engine  indicator,  recording  automatically  the 
amount  of  work  actually  done  by  any  engine  to  which  it  might 
be  applied.  I  called  on  the  manufacturers  (Messra  Schaeffer  & 
Budenburg),  and  they  very  kindly  offered  me  an  instrument  to 
exhibit  in  my  discussion  of  Mr.  Gray's  paper,  which  instrument 
I  am  pleased  to  place  before  you  (Fig.  380).  This  was  invented 
by  Mr.  W.  O.  Amsler,  of  Pittsburg,  who  started  out  with  the 
assumption  that  such  an  instrument  should  have  its  friction 
reduced  to  a  minimum  for  the  sake  of  accuracy  in  results,'  and 
also  to  reduce  the  wear  of  tlie  integrating  surfaces,  and,  further, 
that  it  should  be  as  light  as  possible  for  easy  transportation. 

This  instrument  is  constiaicted  to  record  the  work  done  in  the 
engine  cylinder  at  each  stroke  ;  and,  as  it  is  in  continuous  opera- 
tion, it  adds  the  successive  results  thus  obtained  and  shows  them 
plaiuly  upon  the  indicator  dial  from  which  readings  are  taken. 
The  kinematics  of  the  method  adopted  in  this  instrument  differ 
materially  from  anything  I  have  seen,  and,  believing  that  it  will 
also  be  new  to  the  members  of  this  Society,  I  have  taken  the 
liberty  of  introducing  it  to  your  attention.  The  principle  of 
operation  can  be  understood  by  referring  to  Figs.  381  aud  382. 

In  a  regular  indicator  diagram  we  have  two  motions  recorded, 
one  of  which  is  obtained  through  the  reducing  motion,  which  is 
proportional  to  the  motion  of  the  engine  piston,  while  the  other 
is  produced  by  the  varying  pressure  in  the  cylinder,  which  causes 
the  indicator  piston  to  rise  and  "fall  in  a  line  at  right  angles  to 
the  first  motion  described.  The  diagram  produced  by  these  two 
motions  shows  either  one  or  the  other  of  these  motions  acting 
separately,  or  else  a  resultant  of  both  when  both  are  operating 
at  the  same  time.  Although  these  two  motions  are  not  recorded 
on  a  paper  in  this  instrument,  as  is  the  case  with  Mr.  Gray's 
instrument,  they  are  recorded  just  as  positively  through  the  me- 
dium of  a  revolving  cyh'nder,  and  in  such  a  manner  that  it  is 
possible  to  tell  the  actual  amount  of  work  that  has  been  done  by 
the  engine  during  an  extended  period  of  time,  and  this  without 
the  trouble  of  integrating  and  working  up  a  large  number  of  cards. 

Tlie  Amsler  continuous- work  indicator  consists,  first,  of  a  ver- 
tical rotating  cylinder  turning  around  the  axis  de  (Fig.  381)  ; 
and  as  this  cylinder  rotates  in  the  direction  of  the  hands  of  a 
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Fm.  881, 
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watch,  its  number  of  revolutions  is  recorded  through  a  worm 
gearing  on  the  recording  dial  which  is  placed  beneath  it.     It 


Fig.  382. 


will  be  noticed  that  the  rotating  cylinder  always  turns  in  the  same 
direction,  thus  constantly  adding  the  total  number  of  degrees 
passed  through  each  time  it  is  set  in  motion.     We  will  now  trace 
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the  source  of  motion  for  this  rotating  cylinder,  remembering  that 
its  motion  must  correspond  to  a  resultant  of  the  two  motions, 
which  are  the  same  as  those  occumng  in  the  regular  steam-en- 
gine indicator,  such  as  has  just  been  described.  Bearing  against 
the  rotating  cylinder  a  spherical  segment  S  is  found,  the  centre 
of  which  is  at  a.  The  line  ab  shows  an  axis  of  rotation,  around 
which  this  spherical  segment  revolves. 

When  this  axis  ah  is  at  right  angles  to  the  axis  de,  the  re- 
volving sphere  produces  no  motion  in  the  vertical  cylinder ;  but 
when  the  axis  of  the  sphere  is  moved  from  this  position,  as  shown 
in  the  dotted  lines  ab,  motion  must  be  imparted  to  the  cylinder  C, 
as  the  sphere  revolves  around  a'b  in  contact  with  the  cylinder  (7. 

Ifc  will  be  seen  that  the  angular  distance  travelled  by  the  cylin- 
der C  will  depend  entirely  upon  the  position  of  ihe  centre  {a)  of 
the  spherical  segment,  providing  the  spherical  segment  xS  is  ro- 
tated continuously  backward  and  forward,  through  the  same  num- 
ber of  degrees,  each  time,  around  its  axis  ab.  The  distance 
travelled  by  the  cylinder  C  is  measured  by  the  diameter  of  the 
circle  whose  radius  is  (as  shown  by  the  dotted  lines)  be,  which 
is  a  function  of  the  distance  aa'.  This  diameter  is,  of  course, 
the  sine  of  tlie  angle  a. 

It  is  evident  that  the  path  of  the  centre  a,  with  the  sphere 
rocking  on  the  straight  cylinder  C,  will  be  a  straight  line  parallel 
to  de^  providing  the  lines  de  and  ab  remain  in  the  same  plane.  If, 
therefore,  we  connect  a  piston  rod  from  a  piston  which  is  acted 
upon,  one  side  by  the  steam  pressure  from  one  end  of  the  engine 
cylinder,  and  the  other  side  acted  upon  by  the  steam  pressure 
from  the  other  end  of  the  engine  cylinder,  and  if  the  end  of  this 
piston  rod  is  connected  to  the  point  a  in  such  a  manner  that  the 
centre  line  of  the  piston  and  rod  is  parallel  to  the*line  d^,  the 
motion  of  the  point  a  will  be  proportional  to  the  difference  of 
pressure  in  the  two  ends  of  tlie  engine  cylinder.  Evidently  this 
difference  of  pressure  is  the  only  pressure  tending  to  do  work. 

Ifc  is  now  almost  unnecessary  for  me  to  state  that  the  greater 
the  difference  of  pressure  between  the  two  ends  of  the  engine 
cylinder,  or  the  higher  the  initial  pressure  used,  the  greater  will 
be  the  angle  through  which  the  cylinder  C  will'be  rotated  during 
one  stroke  of  the  piston. 

We  now  have  a  measure  of  the  useful  effect  of  the  force  applied, 
and  it  only  remains  to  measure  the  distance  through  which  this 
force  travels.     This  is  obtained  directly  from  the  regular  reducing 
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motion  usually  applied  to  the  cross-head  of  the  eugine  or  to  some 
other  reciprocating  part  moviDg  with  the  engine's  piston.  From 
the  reducing-motion  device  the  coDnecting  cord  is  attached  to 
the  drum  D  (Fig.  382),  containing  the  usual  reacting  spring. 

As  this  drum  revolves,  first  in  one  direction  and  then  in  the 
reverse,  it  communicates  its  motion  by  means  of  a  vertical  rack 
to  a  segmental  gear  O^  which  in  turn  communicates  its  motion,  hy 
means  of  an  attached  rack  and  bevel  gear,  to  the  spherical  seg- 
ment /Si  causing  it  to  revolve  around  its  axis  ah. 

The  effect  of  the  rotation  is  nil  when  the  axis  of  this  spherical 
segment  is  along  the  line  ah  (Fig.  381),  and  then,  of  course,  the 
pressure  on  the  top  and  bottom  of  the  indicator  piston  is  equal 
and  no  work  is  being  done  ;  but  as  the  axis  of  this  spherical  seg- 
ment is  changed,  as  shown  by  the  dotted  lines  (Fi^^  381)  with 
the  axis  at  a',  J,  the  effect  of  the  rotative  motion  from  the  reduc- 
ing motion  is  to  cause  the  cylinder  C  to  rotate  through  an  angle 
proportionate  to  the  position  of  the  centre  a  above  or  below  the 
lino  ah, 

I  have  omitted  to  state  that  regular  indicator  springs  are  ap- 
plied to  the  lower  end  of  the  piston  rod,  so  as  to  govern  tlie  motion 
of  the  indicator  piston  in  the  regular  way. 

From  the  preceding  description  it  will  be  understood  how  the 
two  motions  of  the  indicator  have  been  reduced  to  a  single  result- 
ant ;  and  now  it  only  becomes  necessary  to  learn  the  nature  of  the 
curve  produced,  assuming  it  to  be  plotted  on  coordinates,  in  order 
to  be  able  to  interpret  the  results  read  off  from  the  indicator 
dial. 

This  curve  may  be  obtained  by  direct  calculation  after  the 
dimensions  of  the  instrument  are  known,  and  also  the  movement 
of  the  piston  per  unit  of  pressure,  or  else  it  may  be  plotted  from 
the  results  of  a  direct  calibration  of  the  instrument  which  is 
applied  to  an  engine  cylinder  at  the  same  time  that  two  indica- 
tors of  the  regular  well-known  patterns  are  in  use.  In  the  latter 
case  periodic  readings  are  taken  from  the  work  indicator,  which 
are  compared  with  the  indicator  diagrams  taken  during  the  same 
period. 

Fig.  383  shows  curves  which  are  plotted  in  both  of  the  above- 
described  manners.  The  difference  between  the  **  actual  curve  " 
and  "  theoretical  curve  "  is  doubtless  due  to  an  inaccuracy  in  the 
spring  used,  which  was  afterwards  discovered.  This  calibration 
was  made  by  the  use  of  a  Corliss  engine.     The  elbows  connecting 
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the  regular  indicators  to  the  cylinder  were  replaced  by  tees,  the 
regular  indicator  connections  being  then  made  from  one  branch 
and  the  connection  to  the  continuous  work  indicator  from  the . 
other.  The  same  reducing  motion  was  used  for  all  the  indicators. 
Four  one-hour  runs  were  made,  the  loads  on  the  brakes  being  re- 
spectively 200,  300, 400,  and  500  pounds.  Beadings  for  indicated 
horse-power  and  of  the  continuous  indicators  were  made  every 
five  minutes.  The  results  of  these  observations  are  shown  by 
the  "  actual  curve."  This  curve,  when  plotted,  proved  to  be  a 
simple  straight  line.  The  theoretical  curve  was  drawn  parallel  to 
the  actual,  but  through  the  origin. 

It  will  be  seen  that  the  abscissas  show  the  readings  of  the 
meter  per  minute  per  pound  of  spring  per  foot  of  stroke  of 
reducing  motion,  while  the  ordinates  give  us  the  indicated 
horse-power  per  square  inch  of  piston  per  foot  of  stroke  of 
Engine. 

The  result  obtained  from  this  instrument  is  simply  the  total 
work  done  by  the  engine  during  the  period  of  its  application. 
By  examining  the  dial  from  which  readings  are  taken  it  will  be 
seen  that  the  worm  drives  two  gears  having  100  and  101  teeth 
respectively,  and  by  this  method  of  differential  gearing  ten  thou- 
sand revolutions  of  the  vertical  cylinder  Care  reported  before 
repeating.  By  this  means  a  comparatively  long  run  (of  several 
hours)  can  be  made,  and  by  taking  readings  two  or  three  times  a 
day,  an  all  day's  test  can  easily  be  made,  A  very  simple  device 
can  be  added  to  this  recording  dial  which  will  make  several  days* 
run  without  readings  possible. 

Prof,  D,  S.  Jacohus. — The  instrument  just  described  by  Mr. 
Gary  will  be  very  useful  for  a  certain  class  of  testing  work.  In 
tests  of  electric  power  stations  where  the  load  is  variable' we  can 
obtain  the  electrical  output  by  means  o^  a  wattmeter  much  more 
accurately  than  we  can  the  indicated  power  of  the  steam  engine 
if  we  indicate  the  engine  in  the  ordinary  way,  so  that  the  con- 
tinuous indicator  would  be  very  useful  where  the  ratio  of  the  elec- 
trical output  to  the  indicated  power  is  to  be  determined.  The 
instrument  would  also  bo  useful  in  tests  of  a  gas  engine  where 
the  power  varies  a  great  deal  during  the  successive  strokes.  The 
instrument  presented  by  Professor  Gray  is  capable,  however,  of 
being  used  in  some  cases  where  the  one  just  described  by  Mr. 
Gary  would  not  give  the  desired  results.  For  example,  two  stu- 
dents of  our  class  of  1896  selected  as  the  subject  of  their  graduat- 
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ing  thesis  the  test  of  a  Ward-Leonard  elevator,  and  they  wished 
to  obtain  the  power  required  by  the  elevator  from  the  beginning 
,of  its  travel  until  it  reached  the  top  of  the  building,  including  the 
power  at  the  intermediate  stops.  In  the  elevator  which  they 
tested  the  engine  acted  as  a  brake  when  a  stop  was  made,  so  that 
for  a  short  interval  there  was  a  minus  load  on  the  engine.  They 
found  the  horse-power  for  all  conditions  of  running  of  the  eleva- 
tor, including  the  minus  or  retarding  power  at  each  stop,  which 
could  not  have  been  done  with  the  instrument  just  described  by 
Mr.  Gary,  on  account  of  the  shortness  of  the  time  during  which 
the  record  was  taken. 

The  continuous  indicator  used  by  our  students  was  arranged 
so  that  the  paper  passed  along  at  a  fixed  rate  of  speed  ;  that  is, 
it  was  made  to  travel  in  a  certain  ratio  to  the  fly-wheel  speed. 
The  diagram  wa^  worked  up  by  ordinates.  Of  course  this  took 
considerable  time,  but  since  then  I  have  devised  a  planimeter 
which  can  be  used  to  obtain  the  rectified  area  directly.  We  fo.und 
one  difliculty  in  using  the  continuous  indicator :  The  indicator 
would  trace  a  very  accurate  curve,  but  we  had  to  mark  the  zero 
points  of  the  curve;  that  is,  we  had  to  mark  the  dead-centre 
points  exactly,  and  in  this  one  particular  the  indicator  was  defec- 
tive. Electric  magnets  were  arranged  in  which  the  current  was 
broken  at  the  dead  centres,  but  the  lag  of  these  magnets  amounted 
to  over  one-sixteenth  of  an  inch  of  movement  of  the  paper.  In 
the  indicator  devised  by  Professor  Gray  we  have  to  measure  a 
plus  area  and  then  a  minus  area,  and  to  do  this  we  have  to  know 
where  to  start  and  stop.  I  shotild  think  that  there  ought  to  be 
an  arrangement  for  marking  the  dead  centre  positions,  unless  by 
the  stopping  of  the  drum  at  the  end  of  each  stroke  the  pencil  of 
itself  makes  some  sort  of  a  mark  which  can  be  distinguished. 

I  would  like  to  ask  Professor  Gray  what  means  he  has  of  de- 
termining where  to  start  and  stop  in  measuring  the  forward  and 
the  back  pressure  areas. 

Mr,  IL  II.  Suplee. — As  a  contribution  to  the  history  of  this 
subject  only,  it  may  be  interesting  to  look  up  the  old  indicators. 
General  Morin,*the  celebrated  French  experimenter,  had  a  con- 
tinuous indicator  on  his  engine  at  Metz  sometime  in  the  early 
forties  which  gave  a  continuous,  not  intermittent  diagram.*  Ten 
or  fifteen  years  later  Sir  Daniel  Gooch,  the  British  locomotive 

♦  A.  Mor'iD  :  Notions  fondimentales  et  donnieB  d*experienee. 
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builder,  had  a  very  ingenious  ooniinaoas  indicator,  which  is  de- 
scribed in  Clark's  Hailicoy  Jttachinert/.  The  paper  was  moved  by 
the  locomotiye  shaft ;  and  the  indicator  was  made  with  an  ellip- 
tical spring  instead  of  the  modem  spiral  spring,  using  a  short 
stroke  and  a  stifi  spring  in  order  to  get  rid  of  the  excessive  vibra- 
tions of  the  old  McNaught  indicator  of  the  day.  He  used  a  lever 
to  multiply  the  movement,  the  motion  of  the  pencil  being  in 
an  arc,  giving  a  diagram  in  curved  ordinates,  which  had  to  be 
translated ;  because,  in  the  first  place,  it  was  continuous  while 
the  piston  motion  was  variable,  and,  in  the  second  place,  it  was 
on  a  curved  system  of  coordinates.  A  continuous  integrating 
indicator  was  also  made  by  Professor  Moseley  sometime  about 
1850. 

Professor  Oray. — With  reference  to  Mr.  Jacobus's  question,  the 
plan  I  have  usually  adopted  is  to  take  a  card  by  means  of  an 
ordinary  indicator  and  compare.  There  is  not  usually  any  great 
difficulty  in  determining  the  end  of  the  card  when  the  paper 
comes  to  rest  at  the  end  of  the  stroke.  For  greater  accuracy 
than  that  obtained  by  comparison  with  the  ordinary  card,  it  may 
be  well  to  mark  some  definite  point  in  the  stroke — say,  the  middle 
of  it — which  may  be  done  either  mechanically  or  by  an  electric  con- 
tact actuating  some  recording  device.  In  most  of  the  work  for 
which  I  have  used  the  indicator  the  object  has  been  to  study  the 
action  of  valves,  the  effect  of  different  mixtures  of  gas  in  the  gas 
engine,  and  so  forth,  and  hence  the  shape  of'  the  card  was  of 
greatest  importance.  Where  we  want  accurate  knowledge  as  to 
the  end  or  any  other  point  of  the  stroke,  it  can  be  readily  ob- 
tained in  the  manner  just  indicated. 

In  regard  to  the  very  ingenious  instrument  described  by  Mr. 
Cary,  I  may  say  that  it  belongs  to  a  different  class  from  that 
which  I  have  described,  and  I  should  like  to  state  that  in  a  num- 
ber of  the  locomotive  tests  from  which  I  took  the  sample  diagram 
given  in  the  paper,  the  work  done  duiing  some  thousands  of  miles 
of  run  was  integrated  out  by  an  apparatus  for  the  same  purpose. 
The  continuous-card  indicator  formed  only  a  part  of  the  apparatus 
used ;  another  instrument  was  used  to  integrate  the  total  work 
done  during  the  entire  run.  The  integrating  indicator  which 
was  used  in  these  tests  is  of  simpler  construction  than  that  just 
described  by  Mr.  Cary.  It  was  designed  by  Prof.  C.  S.  Brown, 
and  is  similar  to  the  energy  meter  devised  by  Professor  Boys  of 
London  some  sixteen  or  seventeen  years  ago.    The  most  impor- 
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tant  parts  of  the  instrument  (Fig.  384)  are  a  small  dram  2>,  a 
wheel  Wy  and  a  counter  C. 

The  drum  D  is  moved,  parallel  to  its  axis,  backwards  and  for- 
ward through  an  inch  or  less  by  means  of  an  attachment  to  the 
piston  of  the  engine.    At  the  same  time  the  wheel  W  has  its 


Fig.  384. 


plane  (which  is  normally  nearly  parallel  to  the  axis  of  the  drum) 
turned  through  an  angle  proportional  to  the  difference  of  the 
steam  pressure  on  the  two  sides  of  the  engine  piston  by  means  of 
an  indicator  piston  which  is  connected  to  a  short  arm  fixed  to  the 
frame  in  which  the  wheel  turns.  As  the  drum  moves  backwards 
and  forwards  the  wheel  TT  causes  it  to  revolve  round  its  axis  by 
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an  amount  proportional  to  the  prodnct  of  the  inclination  of  the 
wheel  and  the  stroke  of  the  drum.  The  number  of  revolutions  of 
the  drum  as  shown  by  the  counter  is  thus  proportional  to  the 
work  done  by  the  engine. 

The  beauty  of  this  little  instrument  is,  in  the  first  place,  its 
cheapness.  It  is  very  easy  to  make.  In  the  second  place,  it  gives 
very  accurate  results.  The  amount  of  resistance  which  the  drum 
is  able  to  overcome  is  perfectly  surprising  when  the  wheel  IF  is  in 
hard  contact  with  it.  We  standardized  these  instruments — of 
which  we  have  several — when  the  drum  had  a  polished  metal  sur- 
face, lubricated  surface,  paper-covered  surface,  etc. — and  did  not 
find  the  slightest  variation,  using,  of  course,  a  mechanism  for 
driving  which  gave  a  definite  area  at  each  stroke.  Another  point 
about  this  is  that  the  exact  setting  of  the  arm  is  not  important. 
The  deflection  from  the  zero  is  all  that  is  wanted.  There  is  no 
error  produced  by  the  wheel  not  being  set  exactly  on  the  diame- 
tral plane  of  the  di-um.  Such  instruments  are  of  very  great  use  for 
purposes  such  as  have  been  called  attention  to.  I  do  not  intend, 
in  the  case  of  a  long  run,  to  use  the  continuous  indicator  to  obtain 
the  total  work.  It  is  too  much  trouble.  To  integrate  all  those 
curves  would  take  a  man  some  hundreds  of  times  as  long  as  it 
would  to  take  the  cards.  I  do  not  use  the  continuous  card  to 
obtain  the  work  done  except  in  such  cases  as  Professor  Jacobus 
speaks  of,  where  a  comparatively  small  cycle  repeats  itself. 

Prof.  John  H.  Barr. — In  regard  to  the  question  asked  by  Pro- 
fessor Jacobus  about  indicating  the  beginning  of  the  stroke  and  the 
reply  by  Professor  Gray,  I  understood  the  latter  to  say  that  he 
prefers  marking  his  diagram  at  the  middle  of  the  stroke.  It 
seems  to  me  that  he  has  a  decided  advantage  over  Professor 
Jacobus  in  this  respect  if  he  chooses  to  take  it,  and  that  it  lies 
in  marking  his  diagram  at  the  end  of  the  stroke,  because  the 
paper  moves  with  a  motion  proportional  to  that  of  the  piston, 
with  an  approximate  harmonic  motion.  His  paper  comes  to  rest 
at  the  end  of  each  stroke,  and  therefore  the  error  due  to  the 
magnetic  lag  (a  time  effect)  will  be  a  minimum  if  he  marks  the 
diagram  at  that  point.  If  he  marks  it  in  the  middle  when  the 
velocity  is  highest  his  error  will  be  a  maximum. 

I  had  occasion  to  investigate  magnetic  lag  about  a  year  ago 
in  working  up  a  dynamometer  for  measuring  the  friction  of  engine 
valves  in  operation.  The  diagram  of  this  instrument  is  produced 
by  a  pencil  under  control  of  a  magnet  in  an  electiic  circuit  which 
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is  made  and  broken  with  each  stroke  of  the  engine.  The  charac- 
ter of  the  diagrams  obtained  conyinced  me  that  the  magnetic  lag 
was  serious.  To  determine  the  amount  of  this  lag  we  mounted 
a  paper  drum  in  a  lathe,  with  a  contact-piece  and  brushes  so 
arranged  that  the  pencil  made  a  mark  on  the  paper  at  every 
revolution  of  the  dnim.  A  zero  reading  was  taken  with  the  drum 
at  rest ;  then,  from  tbe  record  made  with  the  drum  rotating  at  a 
known  speed,  the  magnetic  lag  was  determined.  We  found  by 
increasing  the  number  of  cells  of  our  battery  up  to  eight  that  we 
could  reduce  the  lag.  With  more  than  eight  cells  we  did  not  get 
any  appreciable  reduction  of  lag.  The  minimum  lag  which  we 
obtained  with  eight  cells  was  about  one-eightieth  of  a  second. 
On  an  engine  running  three  hundred  revolutions  a  minute  this  is 
very  serious.  We  calibrated  our  curves  and  reconstructed  them 
on  the  basis  of  the  lag  as  determined  in  the  above  manner.  One 
of  the  students  in  our  laboratory  suggested  a  most  ingenious 
method  of  getting  around  this  difficulty,  and  on  trying  his  scheme 
afterwards  we  found  no  appreciable  lag.  In  place  of  a  plain 
paper  and  pencil  he  used  the  so-called  silver  paper,  or  tinsel 
paper,  such  as  is  much  in  evidence  about  Christmas  time,  and 
clamped  one  edge  with  a  metallic  clamp.  A  wire  passes  from 
that  clamp  through  the  battery,  and  the  other  end  of  the  wire 
may  come  in  contact  with  this  paper.  No  magnet  in  it  at  all.  If 
the  point  of  the  wire  touches  the  paper  the  circuit  will  be  closed 
by  the  metallic  surface  of  the  paper,  and  this  surface  will  imme- 
diately be  oxidized,  vaporized,  at  the  point  of  contact.  Passing 
this  end  of  the  wire  over  the  paper  will  leave  a  mark  which  is 
very  clear,  and  on  holding  it  to  the  light  one  can  see  through  it. 
If  you  make  a  circle  on  the  paper  and  then  touch  a  point  within 
the  circle,  it  fails  to  record  because  the  circuit  is  broken.  This 
method,  doing  away  with  the  magnet  altogether,  enabled  us  to 
reduce  the  lag  to  a  quantity  so  small  that  we  could  not  measure 
it.  But  it  seems  to  me  that  if  Pfbfessor  Gray  is  to  indicate  the 
beginning  of  the  stroke  by  moffnelic  means  he  has  a  decided  ad- 
vantage in  making  that  record  at  the  end  pf  the  stroke  when  his 
paper  is  at  rest,  and  thus  reducing  the  distance  corresponding  to 
the  time  lag. 

Professor  Aldrich. — There  is  one  question  I  would  like  to  ask 
Professor  Gray  in  relation  to  the  sketch,  Fig.  374,  page  1021, 
taken  in  connection  with  Fig.  375,  page  1022,  and  the  deductions 
of  the  formulae  on  that  page — namely,  whether  he  noticed  any 
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considerable  slipping  action  of  the  cords  on  the  upper  and  lower 
pulleys  BB,  the  cord  itself  making  one  complete  turn  around  the 
top  and  bottom  pulleys  ? 

Professor  Gray, — None  at  all  in  the  driving  end.  The  only 
difficulty  which  comes  in  the  case  of  a  flexible  connection  is 
that  which  we  have  to  contend  with  in  all  indicator  practice — 
extensibility  of  the  strap.  That,  of  course,  we  have  to  contend 
with  always.  But  I  have  run  on  some  fast  runs  with  steel  straps, 
ordinary  watch-spring  straps,  and,  beyond  the  difficulty  of  heat- 
ing, we  had  no  trouble  and  got  less  stretch  than  with  the  cord. 
To  get  rid  of  the  stretch  between  the  engine  and  the  drum  itself 
I  used  a  chain  of  considerable  weight,  so  that  the  connection  is 
practically  rigid.  But,  as  I  say,  I  prefer  to  use  the  second  method 
where  the  straps  are  replaced  by  the  drum  and  mechanism,  which 
is  practically  an  infinitely  fine  ratchet  action  in  that  case. 

Professor  Aldrich. — Then,  as  I  understand  Professor  Gray, 
there  is  no  slip  to  be  taken  into  consideration  in  connection  with 
the  formula  on  page  1022.  This  formula  is  developed  on  the  hy- 
pothesis that  there  is  such  a  slipping  action,  producing  a  differ- 
ence in  the  tensions  of  the  cords,  as  is  shown  by  the  use  of  the 
common  formula  for  the  ratio  of  these  tensions;  thence  the 
effective  turning  moment  (bottom  of  page  1022)  is  developed. 

Professor  Gray, — No  absolute  slip  is  required  in  order  that  the 
forces  assumed  in  the  formulsB  may  be  established. 

Professor  Aldrich. — There  is  a  question  I  wish  to  ask  Mr. 
Gary.  The  Schaeffer  &  Budenburg  Company,  of  New  York,  had 
on  the  market  some  years  ago  a  differential  indicator — of  German 
invention,  I  believe.  In  this  the  same  purpose  was  effected  as 
in  the  instrument  shown  by  Mr.  Gary,  without  any  attachment 
for  integrating  the  work  done ;  that  is  to  say,  the  difference  of 
pressures  on  each  side  of  the  engine  piston  was  simultaneously 
reproduced  on  the  diagram  by  introducing  these  pressures,  each 
on  opposite  sides  of  the  piston  of  the  indicator.  Is  it  not  true 
that  there  will  be  a  continuous  and  quite  appreciable  loss,  vitiat- 
ing the  recorded  difference  of  pressures,  when  on  one  side  of  the 
indicator  piston  there  is  high  pressure  of  the  forward  stroke,  say, 
and  on  the  other  side  the  back  pressure  of  exhaust,  or  even  the 
vacuum  of  the  condenser  ?  Will  there  not  be  such  a  loss  and 
therefore  a  result  which  is  vitiated  by  the  steam  leaking  past  the 
piston  of  the  indicator? 

Mr.  Albert  A.  Cary. — This  instrument  was  placed  in  my  hands 
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of  the  platform  scales  is  adjusted  so  that  it  will  register  this 
weight  The  oil  pressure  is  then  increased  until  the  beam  of 
the  platform  scales  is  raised,  the  wheel  C  being  spun  to  elimi- 
nate the  effect  of  friction,  and  when  the  scale  beam  is  balanced 
the  gauge  is  read.  The  reading  of  the  gauge  for  various  pres- 
sures is  thus  obtained,  and  the  difference  between  the  readings, 
and  the  pressures  as  measured  by  the  plug,  gives  the  correc- 
tions for  the  gauge. 

This  apparatus  has  been  employed  for  calibrating  gauges  to 


Fio.  zm. 


10,000  pounds  pressure,  and  for  measuring  pressures  as  high  as 
15,000  pounds  per  square  inch,  and  has  given  entire  satisfaction 


DISCUSSION. 

Prof,  li.  C.  Carpenter, — Wo  have  found  an  apparatus,  qnite 
similar  to  that  described  by  Professor  Jacobus,  to  be  extrt  mely 
useful  not  only  for  very  high  pressures,  but  also  for  pressures  of 
small  amount.  The  writer  described  two  forms  of  apparatus^ 
working  on  this  principle  and  a])plied  to  the  testing  of  indicator 
springs,  in  vol.  xv.,  p.  454,  of  Transactions  of  American  Society 
of  Mechanical  Engineers  ;  cuts  of  both  these  forms  of  apparatus 
are  shown  (Figs.  386  and  387).     In  connection  with  the  use  of 
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that  apparatus  I  would  say  tbat  we  have  found  it  quite  possible 
to  get  a  perfectly  straight  line  for  the  calibration  curve  from  an 
indicator  spring,  which  has,  I  believe,  been  found  impracticable 
with  a  mercury  column. 

Previous  to  this  time  we  had  used  a  similar  device,  but  of  con- 
siderable more  power,  in  calibrating  a  hydraulic  gauge  to  10,000 
pounds  pressure. 

The  Tale  &  Towne  Company  also  employed  the  same  princi- 
ple, using,  however,  a  diaphragm  in  place  of  a  piston  for  cali- 
brating their  very  large  and  delicate  pressure  gauges  which  were 
furnished  with  the  Emery  testing  machine. 

The  apparatus  made  by  Tale  &  Towne  for  calibrating  the 
Emery  testing  machines  was  presented  by  Tale  &  Towne  to 
Sibley  College,  and  about  four  years  ago  this  apparatus  was 
used  by  their  superintendent  in  a  manner  similar  to  that  de- 
scribed for  calibrating  a  gauge  which  had  been  sold  with  one 
of  their  testing  machines,  through  a  range  of  pressure  of  several 
thousand  pounds.  We  have  also  calibrated  hydraulic  gauges  for 
Schaeffer  &  Budenberg,  of  Brooklyn,  N.  T.,  to  a  pressure  of 
10,000  pounds  in  a  similar  manner. 

In  locking  over  the  records  of  the  patent  o£Bce.some  years  ago 
I  discovered  that  a  patent  had  been  issued  to  George  Westing- 
house,  Jr.,  for  nn  apparatus  working  on  this  principle  and  for  the 
purpose  of  calibrating  gauges  with  fluid  pressure.  The  apparatus 
invented  by  Mr.  Westinghouse  showed  many  ingenious  devices 
for  maintaining  a  constant  pressure  which  could  be  fixed  for  any 
predetermined  amount. 

Professor  Jacohv^,* — I  wish  to  thank  Professor  Carpenter  for 
his  kind  discussion  of  my  paper.  The  essential  difference  in  the 
instrument  I  have  described  and  of  others  now  in  use  consists 
in  the  ball-bearing  at  the  top  of  the  spindle. 

We  have  for  a  long  time  employed  a  device  similar  to  that 
manufactured  by  the  Crosby  Steam  Gauge  Company  for  measur- 
ing ordinary  pressures.  In  this  weights  are  placed  on  top  of  the 
spindle,  and  it  is  rotated  in  determining  the  pressure.  The  ap- 
paratus which  I  described  for  measuring  the  steam  pressure  in  a 
device  for  calibrating  thermometere  was  of  the  latter  form.t  We 
use  a  similar  apparatus  in  standardizing  indicator  springs. 

We  have  found  that  a  ]>lug  cannot  be  relied  upon  for  accurate 

*  Autlior***  closure,  ui.der  the  RuUs. 
f  Transactions,  vol.  xvii.,  p.  168. 
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measurement  of  pressures  unless  it  is  rotated  so  as  to  eliminate 
the  effect  of  friction.  "With  a  plug  adjusted  so  as  to  make  an 
accurate  free  fit  it  is  difficult  to  reduce  the  error  due  to  friction 
to  less  than  3  per  cent,  when  the  ping  is  not  rotated,  and  the 
error  may  be  much  greater. 
In  some  testing  work  it  is  convenient  to  produce  the  pressure 
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by  forciDg  the  plug  downward,  and  measure  the  weight  required 
to  force  the  plug  downward  in  order  to  estimate  the  pressure. 
This  method  will  give  results  from  5  to  10  per  cent,  too  high 


with  a  plug  that  is  a  loose  fit,  and  the  error  may  be  greater  with 
a  plug  that  is  a  tight  fit. 

It  is  important,  therefore,  that  the  plug  should  be  rotated,  and 
it  is  to  accom])lish  this  at  extremely  high  pressures  that  the  ap- 
paratus which  is  the  subject  of  my  paper  was  designed. 

An  examination  of  Fig.  385,  which  represents  this  apparatus, 
67 
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DCCXLVI.* 

ELECTRICAL     POWER-EQVIPMENT    FOR     GENERAL 
FACTORY  PURPOSES. 

BY   DUOALD  C.  JACK80K,   MAOIHON,   WIS. 

CMember  of  ihc  Society.) 

Several  months  ago  I  read  a  paper  before  the  Western  So- 
ciety of  Engineers  on  "  The  Equipment  of  Manufacturing  Estab- 
lishments with  Electric  Motors  and  Electric  Power  Distribu- 
tion," which  may  be  found  complete  in  the  journal  of  that 
society  for  December,  1896,  page  807.  The  discussion  on  Pro- 
fessor Benjamin's  paper  on  the  "Friction  Horse-Power  in 
Factories  "  at  our  New  York  meeting  last  December  t  showed 
the  large  amount  of  interest  which  is  now  being  generally  taken 
in  this  important  question  relating  to  shop  economies^  and  I 
have  been  requested  to  discuss  ifc  in  a  paper  before  the  American 
Society  of  Mechanical  Engineers.  While  I  must  of  course  re- 
peat the  views  which  I  have  heretofore  expressed,  additional 
matter  which  seems  particularly  pertinent  to  the  subject  is 
added  in  this  paper. 

When  electric  motors  were  first  proposed  for  service  on  trav- 
elling cranes  their  use  encountered  great  opposition  upon  va- 
rious scores,  but  they  have  gradually  secured  a  firm  hold — 
at  first  only  in  situations  specially  difficult  for  other  types  of 
transmission,  and  finally  in  all  kinds  of  general  crane  service — 
until  the  square  shaft  and  running  rope  are  no  longer  consid- 
ered satisfactory  power  transmitters  in  crane  service,  and  elec- 
tric motors  have  little  competition  except  in  certain  special 
classes  of  work. 

A  perfectly  natural  extension  of  the  electric  power-service, 
in  shops  equipped  with  electric  power-circuits  for  cranes,  gradu- 
ally came  about,  and  stationary  motors  furnishing  power  in 
isolated    corners    or   places    difficult   to   reach    by   the   usual 


♦  Present*  d  at  the  Hartford  meeting  (Mar,  1S97)  of  the  Americau.  Society  of 
Mechanical  Engrineers,  and  forming  part  of  Volumo  XVIII.  of  the  Trafisaetions. 
t  Transactions  A.  S.  M.  E.,  vol.  xviii.,  p.  2:28,  No.  712. 
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methods  of  power  transmission,  became  no  nnnsoal  sight. 
Motors  also  gradually  came  to  be  used  in  places  where  small 
units  of  power  could  be  applied  temporarily  with  advantage,  as 
in  fitting  and  finishing. 

This  gradual  growth  has  brought  us  to  a  time  when  many 
large  establishments  find  it  of  actual  advantage  to  throw  away — 
and  are  throwing  away — not  only  old  style  power-transmitting 
machinery  for  cranes,  but  the  entire  power-transmitting  equip- 
ment of  their  factories,  and  to  replace  it  with  new  electrical 
power-equipment  for  supplying  power  to  be  used  in  the  general 
purposes  of  manufacturing  ;  while  in  a  remarkable  proportion  of 
new  establishments  main  shafts  are  unknown  from  the  start,  their 
place  being  taken  by  inconspicuous  and  inexpensive  electric  wires. 
The  present  condifcions  fulfil  many  of  the  predictions  made  five  or 
more  years  ago  by  enthusiastic  manufacturers  of  electrical  ma- 
chinery, which  were  then  looked  upon  amopgst  conservative 
manufacturers  and  engineers,  with  few  exceptions,  as  over-san- 
guine or  even  visionary.  The  overwhelming  unanimity  of  favor- 
able opinion  which  is  now  shown  by  those  who  have  had  a  real 
experience  in  the  use  of  electrical  power-equipment  for  general 
power  purposes  in  manufacturing  establishments,  will  even  sur- 
prise some  of  the  electrical  profession  who  have  not  kept 
account  of  this  development.  While  1  have  been  willing  to 
accept  to  a  certain  extent  the  theoretical  deductions  upon  the 
question,  of  which  many  have  been  so  fond,  I  have  endeavored 
for  several  years  past  to  keep  records  of  actual  results  with  elec- 
trical factory  equipments  for  the  purpose  of  getting  at  the  real 
facts.  In  this  paper  I  purpose  to  give  a  summary  of  the  more 
recent  results,  and  to  give  at  the  same  time  a  resumit  of  the  views 
held  in  a  number  of  the  great  manufacturing  establishments 
where  experience  has  been  had  with  electrical  transmission  and 
distribution  of  power.  In  a  considerable  proportion  of  these 
establishments  electric  power- transmission  has  been  used  side 
by  side  with  the  mechanical  transmission  of  power  from  the 
prime  mover  to  the  operating  machinery.  It  is  to  be  under- 
stood that  I  deal  specially  with  the  conditions  which  exist  in 
establishments  owning  and  operating  their  own  complete  and 
independent  power  plant,  and,  moreover,  that  I  have  excluded 
from  consideration  all  data  relating  to  electric  transmission- 
plants  in  the  manufacturing  establishments  ef  the  electrical 
companies.      There  are  half  a  dozen   such  plants,  several   of 
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which  are  very  large,  from  which  excellent  results  have  been 
obtained,  but  these  must  lie  under  the  suspicion  of  being 
"  show  plants."  I  have  therefore  confined  myself  to  the  results 
obtained  in  plants  which  are  entirely  independent  of  the  elec- 
trical manufacturing  industries. 

Before  entering  further  into  the  subject,  let  me  present  typi- 
cal lists  of  manufacturing  concerns  which  are  using  electrical  ap- 
paratus in  place  of  shafts  and  belts.  Some  of  these  are  using 
electric  wires  to  carry  all  of  their  power  from  the  engine  room 
to  the  poiut  of  use,  while  others  are  in  a  transition  or  experi- 
mental stage,  and  are  using  main  shafts  and  belts  to  transmit  a 
portion  of  th^ir  power  and  electric  wires  to  carry  the  remainder. 
In  nearly  every  establishment  which  has  a  plant  in  the  latter 
stage,  the  service  by  electricity  is  being  increased  and  the  shaft 
and  belt  transmission  is  being  curtailed. 

I  submit  a  typical  list  of  ten  concerns  owning  plants  with 
over  500  horse-power  capacity  in  electric  motors  in  their  power 
equipments : 

Ohio  Steel  Company. 

Johnson  Company. 

Carnegie  Steel  Company. 

Apollo  Iron  and  Steel  Company. 

Cambria  Iron  Company. 

A.  &  P.  Roberts  Company. 

Baldwin  Locomotive  Works. 

Westinghouse  Machine  Company. 

Whitman  &  Barnes. 

Silver  Springs  Bleaching  and  Dyeing  Company. 

Several  of  the  plants  included  in  this  list  are  using  over 
1,000  horse-power  in  capacity  of  electric  motors. 

It  will  be  noticed  that  this  list  is  largely  made  up  of  concerns 
in  the  iron  and  steel  industries,  and  which  consequently  manu- 
facture a  heavy  and  bulky  product.  That  the  majority  of  the 
list  is  made  up  of  such  concerns  is  partly  due  to  the  large 
amounts  of  power  required  by  these  industries  and  partly  to 
the  fact  that  product  of  the  character  concerned  does  not  lend 
itself  to  convenient  or  economical  handling  in  the  shop  when 
the  common  methods  of  power  distribution  are  used,  while 
electrical  power-devices  allow  the  disposition  to  be  made  in  the 
shop  which  will  give  the  most  convenient  and  economical  hand- 
ling of  the  product  while  it  is  passing  through  the  processes  of 
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manufacture.  Electrical  power-arrangements  are  equally  con- 
venient and  efficient  whatever  may  be  tlie  shop  arrangement, 
and  they  lend  themselves  to  many  desirable  shop  arrangements 
which  cannot  be  approximated  where  the  old  style  inflexible 
systems  of  distribution  are  in  use.  The  electric  motor  and  the 
electric  wire  may  be  used  just  as  effiuiently  under  the  conditions 
required  for  economical  handling  of  the  work  in  a  steel  mill  or 
locomotive  works  as  in  an  agricultural  works,  a  spinning  mill,  a 
wholesale  drug  factory,  a  printing  establishment,  or  a  general 
manufacturing  establishment. 

The  lisb  given  above  might  be  considerably  enlarged  ;  and  if 
we  included  establishments  which  have  thrown  aside  their  old 
power  arrangements  for  the  purpose  of  taking  advantage  of 
electrical  power  generated  at  a  more  or  less  distant  water- 
power,  the  list  could  be  greatly  extended. 

The  following  is  a  typical  list  of  ten  concerns  owning  plants 
with  from  100  to  500  horse  power  capacity  in  electric  motors 
in  their  power  equipments : 

Wells  &  French  Company,  cars,  etc.,  Chicago. 

Crane  &  Breed  Manufacturing  Company,  supplies,  Cincinnati. 

Deering  Harvester  Company,  agricultural  machinery,  Chicago, 

National  Cash  Begister  Company,  cash  registers,  etc.,  Dayton. 

Wm.  Wharton,  Jr.,  &  Co.,  street  railway  track,  Philadelphia. 

Brooks  Locomotive  Works,  locomotives,  Dunkirk. 

Parry  Manufacturing  Company,  carriages,  etc ,  Indianapolis. 

Aultman  &  Taylor  Machinery  Company,  boilers,  Mansfield. 

Parke,  Davis  &  Co.,  manufacturing  dimggists,  Detroit 

Stanley  Works,  hardware.  New  Britain. 

This  lisb,  which  includes  only  concerns  of  general  reputation, 
I  have  chosen  in  order  to  illustrate  the  wide  range  of  products 
which  are  manufactured  by  electrically  driven  machinery.  The 
list  could  be  readily  increased  in  length  to  a  degree  which  I  am 
sure  would  quite  astonish  nearly  all  who  listen  to  this  paper. 
Let  me  add  that  in  each  concern  represented  on  the  list  the 
electrical  apparatus  is  used  for  general  power  service  in  the 
establishment  {i.e ,  it  is  not  confined  to  any  peculiar  branch  of 
the  power  service,  such,  for  instance,  as  crane  service). 

I  might  extend  my  lists  in  number  by  giving  separate  lists  of 
concerns  in  typical  industries,  such  as  printing  and  publishing 
establishments,  iron  industries,  car  shops,  agricultural  works, 
etc. ;  but  what  has  preceded  will  doubtless  give  a  sufficient  view 
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of  the  quite  wide-spread  use  of  electric  power  for  general  factory 
purposes,  and  I  will  pass  at  once  to  the  results  which  have  been 
derived  from  electrical  shop-transmissions  where  they  have  been 
in  use. 

The  points  to  be  considered  in  a  comparison  between  me- 
chanical and  electrical  distribution  of  power  in  manufacturing 
establishments  by  which  the  advantages  of  one  or  the  other  are 
to  be  determined  are : 

A,  Comparative  first  cost. 

B.  Comparative  operating  advantages,  determined  from  expe- 
rience derived  from  actual  service. 

1.  Annual  expense  for  fueL 

2.  Annual  expense  for  attendance. 

3.  Annnal  expense  for  repairs. 

4.  Frequency  and  duration  of  breakdowns,  and  extent  of 
the  whole  plant  which  is  likely  to  be  affected  by  a  failure 
of  any  part. 

5.  Convenience,  as  it  affects  the  extent  of  floor  space  occu- 
pied by  machinery. 

6.  Convenience,  as  it  affects  the  handling  of  product  at  the 
machines  and  to  or  from  the  machines,  and  the  amount  of 
product  put  through  the  machines. 

7.  Safety. 

8.  Cleanliness. 

I  will  take  these  points  up  in  their  order. 

A. — COMPARATIVE   FIRST  COST  OF   ELECTRICAL    AND    OP    MECHANICAL 

TRANSMISSION. 

In  the  Case  of  a  New  EBiahlhhmenU — The  first  cost  of  electrical 
transmission  within  the  confines  of  a  manufacturing  establish- 
ment which  has  its  own  independent  and  complete  power  plant 
is  nearly  always  considerably  greater  than  the  first  cost  of  me- 
chanical transmission,  such  as  by  gears  and  shafting,  belts  and 
shafting,  or  ropes  and  shafting.  In  each  case  the  steam  plant  is 
required.  In  the  electrical  equipment  the  required  parts,  in 
addition  to  steam  plant,  are  electrical  generators,  electrical 
wiring,  electric  motors.  These  are  considerably  more  costly 
under  ordinary  conditions  than  belts  and  shafts  or  other  me- 
chanical transmitters,  even  if  we  acknowledge  an  advantage  in 
the  efficiency  of  the  electrical  plant  which  permits  a  reduction 
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is  great  manufacturing  establishments  where  hundreds  or  even 
thousands  of  horse-power  must  be  distributed  over  a  consider- 
able area.  In  the  establishments  of  less  magnitude,  such,  for 
instance,  as  use  not  exceeding  250  horse-power,  it  is  question- 
able whether  any  very  large  fuel  saving  can  be  shown  by  the 
electrical  plant  under  ordinary  conditions,  and  certainly  no 
appreciable  labor  saving  can  be  shown  in  the  power  plant. 
These  deductions  are  supported  by  reference  to  the  experience 
of  a  considerable  number  of  manufacturing  establishments,  the 
names  of  which  are  in  most  cases  synonymous  with  success.  I 
regret  that  I  have  not  been  able  to  make  tests  on  any  plant  by 
which  I  could  directly  and  exactly  determine  the  saving  in  idle- 
power  losses  which  is  eflfected  by  changing  fi'om  shaft  and  belt 
to  electric  transmission.  I  have  many  records  of  the  loss  in 
power  caused  by  shafts  and  belts,  and  several  manufacturers 
have  been  good  enough  to  give  me  records  of  idle  losses  in  their 
electrical  transmissions.  A  comparison  of  the  records  bears 
out  the  ordinary  contention,  which  has  a  firm  inductive  founda- 
tion, that  the  idle  losses  are  very  much  less  with  electrical 
transmissions.  This  gives  the  latter  a  decided  advantage  over 
main  shafts  and  belts,  on  the  score  of  economy,  when  a  shop  is 
run  with  portions  shut  down. 

3  and  4.  Annual  Expense  for  Repairs^  and  Frequency  and 
Extent  of  Failures. — Experience  upon  the  relative  expense  for 
repairs  upon  electrical  and  mechanical  transmission,  and  the 
relative  extent  and  duration  of  breakdowns  occurring  with  the 
two  systems  of  transmission,  is  remarkably  favorable  to  the  elec- 
trical transmission. 

Summing  up  the  general  opinion  in  regard  to  the  above  four 
points  which  is  held  in  manufacturing  establishments  which  are 
using  electric  power,  it  is  safe  to  say  that  there  is  an  over- 
whelming feeling  in  favor  of  the  use  of  electrical  transmission 
in  preference  to  the  various  forms  of  mechanical  transmission 
on  the  combined  score  of  economy  of  operation  and  a  reduced 
annoyance  and  expense  through  delays  caused  by  failure  of 
transmission  apparatus. 

This  statement  is  based  upon  information  which  I  have 
obtained  from  tests  or  which  has  been  given  me,  directly  or 
through  correspondence,  by  a  very  considerable  number  of 
establishments.  Quotations  taken  from  my  correspondence  to 
show  the  feeling  of  experienced  users  of  electric  power  are 
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dedriooL  transmission  is  so  much  more  satisfactory  and  economical 
that  it  is  a  misfortune  for  a  netv  manufacturing  plant,  except  under 
very  eocceptiarud  conditions,  to  be  constructed  with  any  type  of  trans- 
mission except  the  dectrif.  It  is  to  be  understood'that  the  electric 
equipment  should  be  such  that  crane  motors  can  be  operated 
from  the  generators  and  transmission  wires  which  are  laid  down 
for  the  regular  factory  power  distribution,  and,  for  the  best 
results,  the  generator  should  also  be  adapted  to  the  purpose  of 
factory  lighting.  These  conditions  are  fulfilled  by  either  a  220- 
volt  continuous-current  system,  using  compound-wound  genera- 
tors, or  by  a  properly  designed  polyphase  alternating-current 
system.  In  the  average  nranufacturing  establishment  the  former 
seems  to  promise  the  best  results,  though  more  experience  with 
the  latter  may  prove  it  to  give  equally  satisfactory  results.  The 
220-volt  continuous-current  plant  allows  the  use  of  220-volt 
incandescent  lamps  connected  directly  between  the  positive  and 
negative  transmission  wires,  or  arc  lamps  may  be  used  in  sets 
of  four. 

The  status  of  electrical  transmission  in  plants  already  built 
and  equipped  with  mechanical  transmission  is  more  complex. 
Establishments  which  turn  out  heavy  products,  such  as  locomo- 
tive works,  engine  works,  boiler  works,  machine-tool  works, 
iron  mills,  etc.,  profit  so  much  by  electrical  cranes  that  an 
electric  plant  is  an  invaluable  accessory.  It  is  then  a  natural 
step  to  do  away  with  countershafts  and  belts  running  to  the 
larger  tools,  which  may  be  equipped  for  driving  by  electric 
motors  and  placed  in  more  convenient  positions  with  reference 
to  handling  the  product  This  change  commonly  results  in  a 
large  reduction  of  the  cost  of  manufacturing,  and  if  carried  out 
with  caution  and  judgment  is  invariably  satisfactory.  A  some- 
what similar  condition  exists  in  establishments  which  turn  out 
a  bulky  product,  such  as  agricultural  works,  carriage  works,  etc. 
The  convenient  arrangement  of  machinery  which  may  be  gained 
by  using  electric  motors  adds  materially  to  the  product  that 
can  be  put  through  such  a  shop,  or  largely  reduces  the  trans- 
mission losses  caused  by  quarter-turn  belts,  bevel  gearing,  etc. 
In  the  case  of  a  plant  of  this  type,  upon  which  careful  and  com- 
plete tests  have  lately  been  made  by  two  of  my  students-,  it  is 
shown  that  the  actual  saving  of  power,  attendance,  and  repairs 
now  lost  in  great  quarter-turn  belts  and  other  features  usual  in 
the  mechanical  transmission  system  of  a  somewhat  scattered 
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agriculfcural  works,  would  nearly  pay  the  annual  sum  necessary 
to  cause  a  change  of  the  old  system  into  an  electrical  system  to 
be  profitable ;  while  additional  convenience  in  the  location  of 
tools,  immunity  from  expensive  stoppages  due  to  injured  belts, 
etc.,  and  the  advantages  of  satisfactory  illumination  gained  from 
the  power  generator  would  give  a  large  margin  of  profit  upon  the 
expense  of  putting  in  the  electrical  plant.  Establishments 
which  turn  out  a  lighter  and  less  bulky  product  gain  less  in 
convenience  from  the  electric  power,  but  there  are  numerous 
industries  in  which  the  cleanliness  resulting  from  the  suppres- 
sion of  shafts  and  belts  is  of  the  greatest  moment  In  these 
the  electrical  transmission  may  be  made  a  great  money  saver,  as 
is  shown  by  the  experience  of  its  users. 

There  are  many  special  conditions  which  make  the  adoption 
of  electrical  transmission  of  advantage  in  established  industries 
where  otherwise  it  would  not  pay  to  incur  the  expense  involved 
in  a  change  from  an  established  mechanical  transmission  to  a 
new  electrical  transmission.  Thus,  for  instance,  when  an  iso- 
lated building  is  located  at  some  distance  from  the  main  build- 
ing of  the  plant,  the  expense  of  operating  a  separate  steam 
plant  in  that  building,  or  of  conveying  power  to  the  building  by 
piping  steam  from  the  main  plant,  or  by  means  of  mechanical 
transmission,  is  often  several  times  as  great  as  the  total  annual 
cost  of  a  complete  electrical  plant  to  be  used  for  the  purpose. 
In  the  total  annual  cost  I  include  interest  and  depreciation,  as 
well  as  fuel,  attendance,  and  repairs.  A  number  of  cases  of  this 
kind  have  fallen  under  my  observation. 

Another  case,  in  which  the  same  result  obtains,  came  under 
my  observation  recently.  Here  the  establishment  was  a  large 
one,  with  considerable  transmission  losses  (equal  to  nearly 
70  per  cent,  of  the  average  useful  load),  and  a  considerable 
economy  in  fuel,  attendance,  and  repairs  would  be  effected  by 
replacing  the  mechanical  by  an  electrical  transmission.  The 
large  expense  involved  justly  deterred  the  proprietors  of  the 
plant  from  entering  upon  the  change.  The  prime-power  plant 
of  the  establishment  is  now  found  to  be  too  small  to  carry  the 
maximum  load  of  the  plant  with  late  additions,  while  the  re- 
duced percentage  of  loss,  incident  in  this  case  to  the  electrical 
transmission,  would  enable  the  engines  to  carry  the  load  satis- 
factorily. The  complete  cost  of  a  change  to  the  electrical  trans- 
mission is  not  greatly  in  excess  of  the  cost  which  would  be 
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required  in  making  the  changes  in  the  power  plant  which  would 
be  required  for  the  purpose  of  adding  an  engine.  These  condi- 
tions being  fully  considered,  and  charging  the  excess  cost,  only, 
to  the  electrical  transmission,  the  latter  would  make  an  annual 
saving  in  the  cost  of  operating  the  works  which  would  well 
repay  for  its  installation.  The  electrical  plant  is  here  placed 
upon  a  basis  which  is  quite  near  its  position  with  respect  to 
new  establishments. 

It  is  unnecessary  to  multiply  similar  instances,  but  I  will 
summarize  the  entire  question  as  follows : 

1.  In  constructing  new  manufacturing  plants,  the  extra  first 
cost  of  a  complete  system  of  electrical  transmission  for  the  works 
is  negligibly  small  (except  under  exceptionable  circumstances) 
compared  with  the  annual  saving  effected  by  its  means  when  its 
advantages  are  properly  utilized. 

2.  In  certain  industries  the  advantages  of  electrical  transmis- 
sion outweigh  the  first  cost  of  making  a  change  from  mechanical 
to  electiical  transmission  in  established  plants,  while  in  many 
plants  where  this  condition  would  not  commonly  exist  the  ar- 
rangement of  buildings  or  the  growth  of  the  plant  is  frequently 
of  a  character  with  reference  to  the  prime  power-plant  which 
places  electrical  transmission  upon  an  advantageous  footing, 
either  as  an  auxiliary  to  the  main  transmission  or  as  a  rival  to 
the  existing  mechanical  transmission. 

There  is  one  more  important  question  which  affects  electrical 
transmission  alone.  That  is  the  question  of  the  subdivision  of 
power  at  the  machinery.  Briefly,  the  following  seems  to  be  the 
general  consensus  of  opinion  amongst  those  who  have  operated 
plants  with  electrical  power.  All  large  tools  or  machines,  such 
as  use  from  five  to  seven  and  one-half  horse-power  and  over, 
should  be  supplied  with  individual  motors,  while  smaller  tools 
or  machinos  requiring  less  power  should  be  grouped  and  driven 
from  motor-driven  shafts.  These  groups  should  ordinarily  be 
arranged  so  that  a  motor  of  not  loss  than  from  three  to  five 
horse  power  capacity  is  required,  and  not  more  than  from  ten 
to  fifteen  horse-power.  The  grouping  of  tools,  the  subdivision 
of  power,  and  the  manner  of  delivering  power  of  motors  to  driven 
machinery,  it  may  here  be  said,  is  a  matter  which  can  be  given 
only  the  most  general  treatment  as  a  whole,  as  each  industry 
includes  conditions  of  its  own  which  must  be  taken  into  the 
count.     Observation  indicates  that  some  manufacturers  who  are 
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Prof,  Cha8.  H.  Benjamin. — Professor  J  ackson  and  myself  seem 
to  have  been  browsing  in  the  same  woods  without  either  know- 
ing of  the  other's  presence. 

In  view  of  this  it  is  encouraging  that  we  should  have  reached 
conclusions  so  nearly  identical  in  regard  to  the  most  essential 
points,  and  I  am  glad  to  note  that  his  correspondence  with  such 
a  number  of  manufacturers  has  confirmed  the  results  reached 
by  an  entirely  different  means  of  investigation. 

It  seems  to  me  that  the  nature  of  the  work  done  in  a  shop 
and  the  general  arrangement  of  the  machinery  and  buildings 
determine  the  advisability  of  electric  transmission  to  a  greater 
extent  than  the  amount  of  power  used. 

I  can  think  of  firms  using  less  than  fifty  horse-power  where 
the  introduction  of  electricity  would  be  profitable,  and  of  others 
using  several  hundred  horse-power  where  it  would  not. 

I  believe  also  that  on  many  machines  individual  motors  as 
small  as  two  or  even  one  horse-power  can  be  used  to  advan- 
tage, and  that  we  do  not  realize  the  full  benefits  of  electrical 
transmission  until  we  get  rid  of  shafting  to  the  greatest  extent 
possible. 

When  a  change  frofn  mechanical  to  electrical  transmission 
would  involve  a  large  expense,  the  transition  can  be  made  grad- 
ually. Let  it  be  resolved  to  use  electricity  in  all  extensions  or 
wherever  changes  are  made  in  the  plant,  and  in  the  course  of  a 
few  years  the  problem  will  have  solved  itself. 

Mr,  George  L  Rochwood. — As  a  member  has  remarked  on  the 
silence  of  those  who  favor  belt  transmission  instead  of  electri- 
cal transmission  for  general  factory  purposes,  I  am  sure  it  is 
time  something  was  said  on  the  at  present  unpopular  side  of 
this  question.  In  the  first  place,  I  wish  to  say  that  I  admire  the 
degree  of  mechanical  excellence  and  efficiency  attained  by  up- 
to-date  electrical  transmissions  as  much  as  anybody  else  does. 
Nor  do  I  question  the  mechanical  possibility  of  using  electrical 
transmissions  for  nearly  all  places  and  purposes  which  other 
methods  of  transmitting  power  have  heretofore  satisfied.  Hith- 
erto the  electrical  enthusiast  has  confined  his  energies  to  sub- 
stantiating what  I  have  just  admitted  by  exhibiting  all  kinds  of 
machinery  in  all  sorts  of  places  in  connection  with  a  motor  and 
electric  wire. 
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ceive  how  electricity  can  be  applied.  I  know  that  in  a  mana- 
factory  with  which  I  have  been  connected,  employing  approxi- 
mately 350  men  and  with  more  than  a  thousand  machines  using 
less  than  a  hundred  horse-power — I  do  not  see  how  you  could 
subdivide  electricity  to  work  with  the  economy  which  was  being 
obtained  by  the  other  method.  In  the  company  with  which  I  am 
at  present  we  own  something  over  100  motors  and  let  them. 
They  are  distributed  over  an  area  of  more  than  a  square  mile, 
and  there  is  no  question,  if  any  gentleman  here  should  come  to 
my  town  and  ask  what  he  should  do  as  regards  the  installation 
of  power  for  any  plant  up  to  25  horse-power,  I  should  s\j  that 
he  better  hire.it  of  us,  and  I  should  try  to  convince  him  that 
that  was  a  fact.  There  is  an  important  field  where  electrical 
work  is  used  also  in  furnishing  power  to  people  using  three  to 
five  horse-power  at  a  rate  which  competes  quite  favorably  with 
the  manufacturers  who  have  to  use  100  horse-power  or  less 
and  pay  an  engineer  and  cannot  use  coal  economically.  I  sup- 
pose that  it  might  be  considered  as  settled  that  the  transmis- 
sion over  an  area  something  like  the  Schenectady  Works,  where 
they  cover  a  number  of  acres  and  have  a  number  of  different 
shops,  ought  to  be  by  means  of  an  electric  plant.  There  you 
can  install  a  larger  engine  which  would  work  with  a  larger 
economy  and  transmit  to  the  different  shops,  saving  the  time  of 
your  fireman  and  engineer  at  those  shops,  and  there  the  prob- 
lem would  probably  be  settled  in  favor  of  one  large  installation. 
But  when  you  come  to  the  smaller  manufacturers,  where  they 
are  cutting  their  power  into  very  small  units,  it  is  a  question 
where,  it  seems  to  me,  it  is  entirely  on  the  other  side,  and  that  it 
would  be  impossible  to  do  that  work  electrically  in  an  economi- 
cal way.  I  believe  that  the  belts  and  rope  drives  will  run  for  some 
time  on  that  sort  of  work.  I  have  been  surprised  to  see  how 
much  work  can  be  done  with  a  four  or  five  horse-power  motor  in 
an  ordinary  machine  shop.  A  year  ago  there  was  a  boiler  explo- 
sion in  our  city,  and  quite  a  large  machine  shop  was  thrown  out 
of  commission  on  that  account,  and  I  installed  a  7*^  horse-power 
motor  directly  on  their  shaft,  they  losing  only  one  day's  time 
for  the  installation  of  the  motor.  They  were  employing  12  or  15 
men,  and  had  some  quite  heavy  tools.  It  is  a  very  large  tool 
that  takes  a  five  horse-power  motor  to  do  its  work.  I  believe 
there  are  two  things  which  might  be  considered  settled  now ; 
one  is  the  condition  that  prevails  in  Schenectady.     I  do  not 
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doubt  bnt  that  their  decision  is  correct  The  Waltham  watch 
factory  will  probably  live  quite  a  number  of  years  before  they 
have  an  electric  installation  at  the  end  of  every  machine.  Be- 
tween those  two  points  practice  will  oscillate. 

Mr.  Dicgald  C.  Jackson.* — This  discussion  requires  but  little 
reply,  as  the  points  raised  are  already  covered  with  reasonable 
completeness  in  the  paper.  I  do  not  agree  with  Professor  Ben- 
jamin that  each  manufacturer  should  attempt  to  make  a  gradual 
change  to  electrical  power.  Unless  such  a  change  is  made  under 
proper  advice  and  with  a  continued  view  to  the  successful  work- 
ing o/'the  final  whole,  the  result  may  be  very  unsatisfactory. 
When  carried  out  in  the  proper  manner,  however,  the  change 
almost  always  results  in  decided  advantage. 

A  complete  reply  to  Mr.  Rockwood's  remarks  rests  in  the 
facts  of  experience.  The  question  under  discussion  is  no  longer 
in  the  hands  of  "  electrical  enthusiasts,"  but  has  passed  into  the 
realms  of  tried  practice.  Actual  experience  in  numerous  estab- 
lishments has  shown  that  each  of  the  requirements  for  shop- 
power  distributions  which  are  cited  on  page  1051  are  fulfilled 
satisfactorily  by  the  electrical  power,  the  last  four  to  an  extent 
unthought  of  with  mechanical  transmissions,  and  the  first  four  to 
an  extent  which  equals  or  betters  the  performance  of  the  me- 
chanical methods.  This  is  the  simple  record  of  experience,  a 
small  portion  of  which  is  set  forth  in  the  paper.  The  answer 
to  the  question  of  established  industries — Will  the  increased 
investment  pay  ? — depends  on  local  conditions.  In  a  plant  about 
to  be  established  there  can  now  be  little  doubt 


*  Author's  closure,  under  the  Rales. 
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No.  747—133. 

Steam  distribution  at  early  cut-off. 

Mr.  E.  J,  A7*J7isiro7ig, — ^For  several  years  past  the  writer  has 
had  somewhat  exceptional  opportunity  to  note  the  economical 
performance — as  shown  upon  the  test  floor — of  a  line  of  simple 
high-speed  automatic  engines  ranging  from  9  to  21  inches  in  cyl- 
inder diameter,  and  from  10  to  18  inches  stroke.  A  constant 
reaching  after  better  results  has  developed  and  proved  to  his 
satisfaction  that  the  steam  distribution  usual  in  this  type  of  engine 
is  capable  of  some  improvement.  All  engines  of  this  class  with 
which  the  writer  is  acquainted,  carry  their  initial  pressure  as 
nearly  to  boiler  pressure  as  they  can,  throughout  their  entire 
range,  from  no  load  to  latest  cut-off,  and  as  evidence  of  the 
importance  generally  ascribed  to  this  feature,  so  good  an  authority 
as  Mr.  F.  H.  Ball,  in  the  closing  sentence  of  a  paper  presented  at 
the  last  meeting  of  this  society,  maintained  that  the  prevention 
of  wire-drawing  at  early  points  of  cut-off  is  a  matter  of  too  great 
importance  to  be  neglected,  even  for  the  sake  of  considerable  sav- 
ing in  cost.  Judging  merely  by  the  indicator  cards  it  must  be 
admitted  that  this  would  seem  true,  but  tbe  accumulated  evidence 
of  actual  duty  trials  forces  a  quite  different  conclusion.  One  of 
the  first  points  noted  by  the  writer,  when  beginning  the  series  of 
tests  referred  to,  was  the  fact  that  the  duty  curves  made  at  differ- 
ent boiler  pressures  from  a  particular  engine,  always  crossed  each 
other  when  plotted  upon  the  same  sheet  (Fig.  388) ;  that  is,  the 
actual  water  consumption  per  horse-power  was  always  lower  at 
say  80  pounds  boiler  pressure  than  it  was  at  100  pounds,  up  to  a 
certain  load  where  they  became  equal ;  at  larger  loads  the  higher 
pressure  being,  of  courae,  the  more  economical.     It  may  be  well 

♦  Presented  at  the  Hartford  meeting  (May,  1897)  of  the  American  Society  of 
Mechanical  Engineerp,  aud  formiug  part  of  Volume  XVIII.  0t  the  lYansactions, 
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to  state  that  this  might  uot  be  well  shown  with  curves  plotted  in 
the  usual  way,  but  it  the  Willans  curve  is  employed,  plotting 
total  water  per  hour  instead  of  water  per  horse-power  per  hour, 
this  crossiug  of  the  lines  and  many  other  questions  are  made 
more  cleai*.  The  first  suggestion  was  that  leakage  was  taking  place, 
and  after  this  had  been  proven  not  to  be  the  reason,  cylinder 
condensation  seemed  to  explain  it     It  was  noticed  that  although 
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Fig.  888. 


the  point  where  the  curves  crossed  was  at  a  considerable  load — 
something  like  one-third  of  the  rated  power  of  the  engine,  and 
later  in  a  small  than  in  a  large  engine — yet  the  lower  curve  came 
back  up  to  the  higher  at  friction  load.  This  seemed  to  be  ac- 
counted for  by  the  fact  that  the  friction  cards  were  much  alike  at 
the  different  pressures,  the  compression  being  about  equal  to  the 
higher  boiler  pressure  in  both  cases,  so  that  the  temperature 
range  was  about  the  same.  Further  experiment  showed  that  a 
friction  card  with  a  lower  initial  pressure  gave  a  lower  water 
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rate,  and  bj  degrees  it  became  apparent  that  for  loads  less  than 
at  the  point  where  the  curves  crossed,  the  best  steam  distribniion 
would  be  the  same  for  all  boiler  pressures.  The  theory  was  then 
evolved  that  for  any  particular  engine  there  is  a  cui*ve  which  may 
be  described  most  easily  by  assuming  that  the  engine  was  tested  at 
several  loads  with  various  initial  pressures.  Then  for  each  load 
there  would  be  found  a  certain  initial  pressure  which  would  carry 
that  particular  load  with  better  economy  than  either  a  higher  or 
lower  initial  pressure.  Superimposing  the  cards  obtained  at  the 
various  loads  and  most  advantageous  pressures  and  drawing  a 
curve  through  the  points  of  cut-off,  would  produce  a  diagram 
which  may  be  represented  by  Fig.  389.  Then  the  total  range  of  the 
engine  from  friction  to  maximum  load  would  be  most  economically 


Fig.  389. 


Fig.  890. 


covered  by  the  steam  distribution  indicated  in  Fig.  390.  This  the- 
ory is  so  plausible  that  it  may  be  misleading.  Keally  the  curve 
shown  in  Fig.  388  can  hardly  be  represented  by  a  line.  Any  point 
on  the  line  would  have  to  be  found  as  the  lowest  point  in  a  ratlier 
flat  curve ;  and  a  belt  or  zone  as  shown  in  Fig.  391,  and  within 
which  the  point  of  cut-off  should  lie,  would  be  more  practict'd.  No 
great  diflSculty  was  experienced  in  obtaining  the  desired  stenni 
distribution  with  a  single  valve,  as  evidenced  by  Fig.  391,  in  which 
the  cards  are  from  actual  prnrtice  ;  nnd  it  was  of  course  accom- 
plished by  making  the  lead  negative  at  early  cut-off,  the  good 
results  at  light  loads  being  at  once  apparent.  The  more  nearly 
constant  compression  brought  about  by  this  change  permits 
smalh*r  clearance,  and  this,  in  turn,  brings  ab-mt  later  exhaust 


1066  TOPICAL  DISCUSSIONS  AND  NOTES  OP  EXPERIENCE. 

closure.  Another  complLcating  feature  is  that  there  seems  to  be 
a  relation  in  some  way  between  the  point  of  exhaust  closure  and 
the  effect  of  entrained  water  upon  economy.  At  any  rate,  with 
reduced  initial  pressure,  the  tests  became  more  reliable  in  the 
sense  that  they  could  be  more  closely  duplicated,  and  the  bad 
effect  of  entrained  water  became  lesa  Of  course  the  wire-draw- 
ing would  have  some  effect  to  dry  the  steam,  and  this  probably 
accounts  for  a  portion  of  the  difference,  but  hardly  for  all  of  it ; 
getting  the  water  out  of  the  cylinder  more  effectively  seems  to  be 
a  factor.  This  bad  effect  of  water  at  light  loads  is  very  perplex- 
ing as  well  as  serious.  The  writer  has  not  been  able  to  discover 
that  entrained  water,  in  any  usual  quantity,  has  any  effect  upon 
the  economy  of  a  high-speed  engine  working  at  one-quarter  cut- 
off or  later ;  but  at  light  loads,  and  particularly  with  early  exhaust 
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closure  and  high  compression,  the  bad  effect  is  very  marked. 
Under  such  conditions  he  has  noted  an  increase  in  steam  con- 
sumption as  high  as  eight  times  the  actual  amount  of  water  in- 
troduced. Perhaps  the  reason  for  this  may  be  that  the  water 
is  swept  out  of  the  cylinder  each  stroke  by  the  more  energetic 
exhaust  of  large  loads,  and  accumulates  from  stroke  to  stroke 
with  light  loads,  when  the  exhaust  is  light  and  the  exhaust  closure 
early.  If  so,  does  this  water  receive  heat  from  the  incoming 
steam,  and  give  it  out  again  to  the  exhaust  ?  If  the  accumulated 
water  is  blown  into  spray  by  the  inrushing  steam  it  would  seem 
possible  that  this  might  result — else  how  could  such  increased 
water  consumption  be  caused  by  it  ?  This  bad  effect  of  entrained 
water  complicates  the  predicting  of  water  rates  at  light  loads  very 
greatly  and  also  makes  it  very  difficult  to  obtain  consistent  results 
in  making  comparative  tests.    The  writer  has  known  the  friction 
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water  rate  of  a  100  horse-power  engine  to  be  lowered  nearly  10  per 
cent  by  slightly  opening  a  valve  draining  the  steam  chest.  The 
water  so  allowed  to  dribble  out  not  being  one-sixth  of  the  total 
saving.  In  view  of  the  general  complexity  of  the  problem  the 
writer  does  not  feel  able  to  place  before  the  Society  any  tests  or 
other  exact  data,  for  no  single  test  seems  of  much  value  in  this 
problem ;  neither  does  it  seem  best  to  attempt  to  give  an  idea  of 
the  amount  of  saving  to  be  derived.  To  carry  out  the  scheme 
properly  involves  many  other  changes,  which  all  have  a  good 
effect,  perhaps  greater  than  change  in  initial  pressure. 

What  experience  can  the  members  present  in  discussion  upon 
this  subject  f 

No.  747—134 
Tests  of  the  efficiency  of  the  bicjcle. 

Mr,  Jno,  G.  D,  Mack. — The  writer  has  had  opportunity,  during 
bis  professional  work,  to  make  a  somewhat  extended  series  of 
experiments  upon  the  bicycle  as  a  machine,  and  aims  to  present 
in  the  present  paper  a  preliminary  report  of  the  investigation. 
While  much  of  this  information,  and  in  a  very  much  more  ex- 
tended scale,  is  in  the  possession  of  the  best  manufacturers,  yet 
the  fact  that  it  is  for  such  persons  a  species  of  proprietary  knowl- 
edge renders  it  diMcult  or  unwise  for  them  to  make  it  public,  and 
for  these  reasons  the  literature  of  engineering  contains  very  little 
published  material  on  these  questiona 

It  would  be  interesting  to  look  briefly  at  the  bicycle  as  a 
machine,  for  the  past  fifteen  years  have  brought  many  and  great 
changes  in  its  design.  The  early  80*s  saw  the  advent  of  the  high 
wheel, -known  as  the  ordinary,  but  the  modern  wheel  has  almost 
nothing  of  the  old  wheel  except  the  features  which  gave  it  a  foot- 
hold upon  existence,  which  were  its  rubber  tires  and  its  ball  bear- 
ings. The  first  safeties  often  weighed  from  sixty  to  seventy-five 
pounds  and  their  sprockets  and  cliains  were  similar  to  those  used 
on  agricultural  implements;  bnt  the  process  of  evolution  and 
survival  has  left  little  to  be  desired  from  many  points  of  view, 
since  the  weight  has  been  reduced  until  further  reduction  seems 
unnecessary,  and  the  strength  and  durability,  which  allow  great 
speed  with  small  effort,  are  realizations  of  the  dreams  of  the  old 
riders. 

In  the  present  article,  the  total  efficiency  of  the  bicycle  will  be 
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and  a  curve  plotted,  from  which  the  pull  on  the  wire  A,  necessary 
to  raise  a  known  weight  M^  may  be  read  directly. 

One  of  the  cranks  is  set  about  10  degrees  above  the  forward 
horizontal  position,  and  a  scale  pan  K  suspended  from  the 
middle  of  its  pedal.  For  a  distance  of  nearly  10  degrees  on  each 
side  of  the  horizontal  position  of  the  crank  its  effective  radius 
does  not  vary  one  per  cent,  and  may  be  considered  as  constant 
during  that  period  of  rotation. 

The  bicycle  has  now  been  transformed  into  a  hoisting  machine 
for  raising  the  known  weight  i/  by  a  weight  applied  to  the  pedal, 
and  the  method  of  testing  is  that  commonly  employed  in  testing 
the  efficiency  of  pulley  blocks,  which  admits  of  accurate  measure- 
ment of  the  different  quantities  entering  the  experiment. 

The  condition  under  which  the  bicycle  is  placed  by  this  method 
is  that  of  a  rider  of  150  pounds  sitting  upright  and  propelling 
himself  by  shifting  his  weight  from  the  saddle  to  the  pedal,  the 
equilibrium  being  maintained  in  the  experiment  by  shifting  the 
weight  remaining  on  2>  in  a  direction  away  from  the  loaded 
pedal,  and  as  the  pedal  weight  is  taken  from  2>,  a  constant  total 
load  is  maintained  on  the  machine. 

This  method  is  satisfactory  in  practice,  for  when  raising  JU  by 
five  pounds,  less  than  one-half  ounce  added  to  the  pedal  weight 
is  sufficient  to  change  the  bicycle  from  a  condition  of  balance  to 
that  of  moving  forward  at  an  uniform  speed. 

All  measurements  must  be  made  with  the  greatest  care,  and 
it  is  especially  necessary  thai  the  beam  should  be  level  and  each 
wheel  in  perfect  balance.  The  circumference  of  the  tire  is  deter- 
mined by  rolling  the  bicycle  along  a  smooth  track  with  its  load  of 
150  pounds,  and  measuring  the  distance  travelled  for  one  revolu- 
tion, this  distance  being  determined  by  observing  when  a  line 
mark  upon  the  tire  shall  be  vertically  under  the  centre  of  the 
axle,  at  the  beginning  and  end  of  the  revolution. 

The  total  efficiency  of  the  bicycle  may  now  be  determined  as 
follows : 

A  =  circumference  of  tire. 

B  =  circumference  of  centre  of  pedal  pin. 

li  =  ratio  of  large  tp  small  sprocket. 

P  =  weight  on  pedal. 

JU  =  weight  on  wire  divided  by  efficiency  of  pulley. 

Total  efficiency  =     ^  p — 
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The  results  for  each  wheel  are  plotted,  giving  a  curve  in  which 
the  ordinates  represent  per  cent,  efficiency,  and  the  abscissas  the 
gross  weight  raised  at  the  corresponding  efficiency. 

The  efficiency  curve  for  bicycle  No.  1  is  shown  by  the  full  line 
in  Fig.  393,  No.  1  being  a  bicycle  of  1897  model,  having  ground 
bearings,  and  representing  the  best  practice  in  bicycle  construc- 
tion. 

Bicycle  No.  2  is  a  medium  grade  wheel,  and  its  curve  is  shown 
in  Fig.  393  by  the  dash  line. 
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Bicycle  No.  3,  the  curve  of  which  is  shown  by  the  dot  and  dash 
line,  was  purposely  selected  as  being  a  cheaply  constructed  wheel, 
having  in  fact  nothing  but  its  low  price  to  recommend  it. 

These  three  curves  represent  the  efficiency  of  the  three  bicycles 
by  a  method  which  it  is  believed,  when  carefully  applied,  will 
give  results  of  the  greatest  precision  and  definitely  indicate  the 
comparative  efficiency  of  bicycles  under  the  conditions  found  in 
actual  service. 

The  weight  M  of  15  pounds  may  be  roughly  taken  to  represent 
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the  effort  required  to  propel  a  rider  of  the  assumed  weight  up  a 
grade  of  one  foot  in  twelve. 

Size  op  Sprockets. 

In  determining  the  comparative  efficiency  of  sprockets  of 
different  size,  the  bicycle  was  inverted,  and  the  frame  securely 
attached  to  the  floor. 

A  method  similar  to  that  employed  in  determining  total  effi- 
ciency was  used.  A  thin  steel  band  had  one  end  attached  to  the 
tire,  the  other  end  carrying  a  weight  which  was  raised  by  the 
band  being  wound  upon  the  tire,  a  second  weight  being  hung 
from  a  scale  pan  attached  to  the  pedal  as  in  the  preceding  experi- 
ment, whence  the  efficiency  of  the  portion  of  the  mechanism  trans- 
mitting the  power  can  be  calculated  as  before. 

A  long  series  of  readings  were  taken  with  the  same  large 
sprocket  with  seven,  eight,  and  nine  tooth  sprockets  on  the  rear, 
and  with  pedal  weights  varjdng  from  two  to  fifty  pounds. 

The  average  efficiencies  in  each  case  were  as  follows : 

7-tooth 89.7 

8-tooth 91 .5 

9-tootb 98.4 

This  shows  the  8-tooth  to  have  98.9  per  cent  of  the  efficiency 
of  the  9-tooth,  and  the  7-tooth  to  have  96  per  cent,  of  the  effi- 
ciency of  the  9-tooth  sprocket,  other  conditions  being  equal. 

In  actual  service,  however,  the  largest  rear  sprocket  which  the 
required  gear  ratio  will  allow,  is  to  be  preferred,  from  its  better 
wearing  qualities  due  to  the  smaller  chain  pressure  upon  the 
teeth  and  reduced  pressure  on  the  bearings. 

Have  any  of  the  members  data  upon  the  efficiency  of  the 
bicycle  as  a  machine? 

Prof,  li.  C.  Carpenter. — In  connection  with  the  interesting 
paper  by  Mr.  Mack,  it  may  be  stated  that  a  considerable  amount 
of  experimenting  has  been  done  the  past  year  on  the  subject  of 
bicycle  efficiency  in  the  laboratories  of  Sibley  College.  The 
method  adopted  for  determining  the  friction  of  the  chain  was 
almost  identical  with  that  described  by  Mr.  Mack,  but  for  test- 
ing the  bicycle  under  running  conditions  an  apparatus  was 
designed  so  that  the  bicycle  could  be  tested  when  the  wheels 
were  moving  at  any  speed.  The  arrangement  for  the  test  is 
shown  in  Fig.  394.     The  bicycle  was  driven  by  power  which 
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was  measured  by  a  dynamometer  A.  The  power  transmitted 
through  the  machine  was  measured  by  a  Prony  brake,  P,  con- 
nected to  the  friction  wheel  C,  which  is  put  in  motion  by  the 
back  wheel  of  the  bicycle.  The  friction  of  the  Prony  brake  and 
of  the  wheel  C  for  different  loads  and  different  speeds  was  de- 
termined accurately  "by  calibrations,  and  in  this  way  could  be 
eliminated  from  the  results.  The  dynamometer  J  is  shown 
quite  clearly  in  Pig.  395 ;  the  instrument  is  of  the  Morin  type, 
is  made  in  Paris,  and  is  accurate  for  about  one-half  of  one  per 
cent.     The  results  of   the    test  are  obtained   from  a   diagram 


FiQ.  894. 

which  is  drawn  automatically.  By  processes  of  differentiation 
the  friction  of  the  main  bearings,  the  chain,  the  sprockets,  and 
the  back  wheel  can  be  obtained.  Any  weight  whatever  may  be 
put  on  the  seat  post  F.  The  tension  on  the  chain  may  also  be 
measured. 

The  results  of  tests  of  quite  a  number  of  chains  are  shown  in 
the  diagram.  Fig.  396,  from  which  it  is  seen  that  the  Morse  chain 
gave  an  efficiency  over  99  per  cent,  in  each  case,  or,  as  the  dia- 
gram shows,  had  less  than  1  per  cent,  of  friction,  while  all  the 
other  chains,  of  which  a  number  were  tested,  had  somewhat 
over  2  per  cent,  of  fricfcion.     The  Morse  chain  is  interesting 
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since  it  shows  an  attempt  to  use  knife  edges  on  hard  steel  plates 
in  place  of  pin  joints. 

Our  tests  with  the  bicycles  have  not  progressed  far  enough  to 


FiQ.  395. 


give  definite  results,  but  sufficient  has  been  done  to  show  that 
the  greater  portion  of  the  losses  in  well-made  wheels  are  due 
to  the  tire,  the  losses  in  the  tire  generally  running  three  or 
four  times  as  great  as  all  other  losses  combined. 
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Prof.  Tho8.  Oray.— The  tests  which  are  given  in  this  paper 
seem  to  cover  a  very  small  part  of  the  field  which  ought  to  be  un- 
dertaken in  connection  with  the  bicycle  as  a  machine.  A  great 
part  of  the  work  which  is  done  in  propelling  a  bicycle,  as  is 
pointed  out  by  Professor  Carpenter,  is  due  to  the  tire  undoubt- 
edly. That  will  increase  with  increase  of  speed,  and  therefore 
increase  of  speed  tests  ought  to  be  made.  There  is  another 
element  which  I  should  like  to  see  taken  up,  and  that  is  the 
amount  of  work  which  is  expended  in  racking  the  frame.     As  a 
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rider  propelling  a  bicycle  does  not  give  a  uniform  torque  to  the 
sprocket  of  the  machine,  but  pulls  up  with  his  hands  and  pushes 
down  with  his  feet  alternately  on  opposite  sides,  there  is,  there- 
fore, a  great  amount  of  work  done  in  distorting  everything — 
outside  of  the  chain  friction,  the  ball-bearing  friction,  which 
is  practically  zero,  and  the  tire  friction,  which  will  be  propor- 
tional, to  some  extent,  to  the  speed. 

Prof.  John  H.  Barr, — I  would  like  to  say  a  word  with  regard 
to  the  results  given  with  the  different  sizes  of  sprocket  wheels. 
Of  course  a  larger  rear  sprocket  means  a  less  pull  on  the  chain 
and  less  pressure  on  the  chain  pins  and  the  bearings.  But 
there  is  a  practical  limit  here — that  is,  a  limit  to  the  linear  ve- 
locity with  which  the  chain  can  be  run  quietly  and  smoothly. 
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This  is  pretty  closely  reached,  I  imagine,  with  a  few  of  the 
wheels  placed  on  the  market  this  year  which  have  a  ten-tooth 
rear  sprocket. 

I  might  say  that  the  apparatus  used  at  Cornell  University,  to 
which  Professor  Carpenter  referred,  is  very  similar  indeed  to 
the  one  which  many  of  us  have  seen  at  the  works  of  the  Pope 
Manufacturing  Company,  except  that  instead  of  using  the  Webb 
dynamometer  he  is  using  a  Morin  dynamometer ;  beyond  that  the 
apparatus  is  identical  in  principle  and  very  similar  in  construc- 
tion to  the  one  used  by  the  Pope  Manufacturing  Company. 

Mr.  IL  H.  Suplee. — In  regard  to  the  point  brought  out  by 
Professor  Gray  about  the  distortion  of  the  frame,  I  think  that 
is  very  well  illustrated  by  some  experiences  had  in  England. 
An  attempt  has  been  made  there  to  build  a  very  light  wheel  by 
making  the  frame  of  bamboo,  and  while  it  is  very  light  and 
strong,  it  is  too  elastic,  and  it  is  found,  especially  in  climbing 
grades  or  for  high-speed  work,  that  the  frame  yields  to  the 
eflforts  of  the  rider  to  the  extent  of  absorbing  a  great  deal  of  the 
useful  work.  This  has  led  to  their  general  abandonment. 
Doubtless  this  action  takes  place  to  a  considerable  extent  on 
the  steel  frames,  though,  of  course,  not  so  much  as  with  the 
bamboo. 

Prof,  Albert  Kingsbury. — I  anticipate  that  the  smaller 
sprocket  wheels  will,  when  tested  with  well-oiled  chains,  show 
higher  efficiencies  than  the  larger  ones.  Such  tests  as  I  have 
made  on  other  kinds  of  mechanism  involving  very  high  pres- 
sures on  well-lubricated  surfaces  at  very  slow  speed,  indicate  in 
many  cases  that  there  is  a  smaller  coefficient  of  friction  at  the 
higher  pressures.  If  we  decrease  the  size  of  the  sprocket  wheel 
we  increase  the  tension  of  the  chain  in  a  corresponding  ratio. 
But  if  there  is  a  smaller  coefficient  of  friction  at  the  higher 
pressure,  then  the  smaller  sprocket  wheel  ought  to  give  us  the 
greater  efficiency. 

No.  747—135. 

Note  on  an  old  windmill  gearing. 

Mr,  C.  W.  Hunt — The  old  windmiU  at  Nantucket,  Mass.,  was 
built  in  1746— one  hundred  and  fifty-one  years  ago.  It  is  of 
moderate  size,  and  in  a  good  state  of  preservation,  although  it 
has  not  been  operated  for  about  twenty  years,    For  i^bout  one 
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hundred  and  thirty  years  it  ran,  and  only  terminated  its  work 
when  modem  milling  methods  made  the  small  local  mills  unprofit- 
able. The  millstones  are  about  4i  feet  in  diameter,  and  the  runner 
driven  directly  by  the  vertical  shaft.     The  engraving  (Fig.  397), 


00 
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from  a  hand  camera  photograph,  shows  the  gear  wheels,  which 
are  typical  of  all  the  old  types  of  windmills,  both  in  Holland  and 
America. 

The  face  wheel  is  about  10  feet  pitch  diameter,  with  6  arms  and 
62  teeth,  6  inches  pitch.    The  lantern  wheel  is  about  23  inches 
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in  diameter,  with  12  mndles,  each  3  inches  in  diameter.  The 
teeth  in  the  face  wheel  are  old  and  well  worn,  but  the  nindles  in 
the  lantern  wheel  are  comparatively  new;  the  injury  to  them 
shown  in  the  picture  was  evidently  caused  a  few  years  ago  when 
the  mill  was  started  up  to  entertain  tourists.  Incompetent 
management  soon  caused  such  damage  that  it  was  finally  shut 
down. 

The  rundles  were  accurately  turned  to  fit  the  holes  in  the  lower 
head  of  the  lantern  wheel.  As  the  holes  in  the  upper  head  are 
smaller  and  the  rundles  wore  in  service  they  were  shoved  up 
through  the  upper  head  and  held  by  wooden  pins  over  the  upper 
head.  The  holes  in  the  upper  head  are  smaller  than  those  in  the 
lower,  and  the  reduction  in  the  size  of  the  pins  from  time  to  time 
as  they  wore  and  were  shoved  up  to  a  new  position  was  crudely 
done,  as  the  photograph  shows. 

The  wooden  strap  brake  for  stopping  the  mill  shows  on  the  left 
and  under  side  of  the  face  wheel.  The  chain  hanging  down  was 
used  to  chain  the  face  wheel  fast. 

The  heads  of  the  lantern  wheel  and  the  vertical  shaft  show 
evident  signs  of  great  age,  but  no  data  were-obtainable  when  the 
photograph  was  taken.  The  durability,  however,  of  this  type  of 
wheels  is  very  great. 

In  1889  I  visited  a  windmill  in  Holland  with  gearing  similar  to 
the  Nantucket  mill,  which  had  been  built  sixty  years  before.  The 
face-wheel  teeth  were  being  renewed,  and  the  owner  informed  me 
that  the  first  set  of  teeth  were  replaced  thirty  years  ago,  and  as 
these  teeth  had  been  in  service  thirty  years,  he  was  again  renew- 
ing them,  evidently  considering  the  "  life  "  of  gear  teeth  as  thirty 
yeara  They  were  also  renewing  the  main  shaft  which  had  been 
in  since  the  mill  was  built.  The  mill  was  used  for  grinding 
grain,  and  ran  night  and  day,  probably  18  to  20  hours  per  day  for 
the  entire  time.     The  gear  teeth  were  greased  with  tallow. 

The  small  wear  of  the  teeth  in  semce  where  the  working  pres- 
sure must  be  quite  large  for  wood  surfaces  may  be  accounted  for 
by  their  elasticity.  The  teeth  of  the  face  wheel  and  especially 
the  long  rundles  of  the  lantern  wheel  are  decidedly  elastic,  and 
when  the  pressure  of  the  teeth  is  great,  they  spring  enough  from 
the  geometric  lines  to  prevent  all  sliding  of  the  surfaces  in  con* 
tact  during  the  time  that  the  pressure  is  great.  The  sliding  of 
the  surfaces  takes  place  only  at  the  beginning  and  ending  of  the 
tooth  action,  when  the  pressure  is  comparatively  light. 
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10.  It  requires  no  skill  to  handle  it.  If  constructed  to  be 
reversible,  it  can  be  reversed  from  a  distance  by  simple  rope  and 
weight. 

Disadvantages  of  the  Rotary  Engine. 

The  objections  to  the  rotary  engine  are  both  practical  and 
inherent.  The  practical  objections  belong  to  the  difficulty  of 
satisfactorily  packing  surfaces  which  do  not  move  throup;h  equal 
spaces  in  equal  times.  Those  parts  farther  from  the  axis  move 
through  a  longer  path  in  a  revolution  than  those  nearer  to  the 
axis.  The  wear  from  abrasion  is  therefore  greater  at  one  part 
than  another.  When  the  packing-strips  have  become  somewhat 
worn,  leakage  ensues,  and  a  noisy  rattle  from  looseness  of  the  fits. 
A  second  practical  difficulty  is  the  expense  connected  with  proper 
lubrication  of  such  engines,  and  a  difficulty  of  taking  care  of 
excess  of  oil  rejected  by  the  exhaust.  If  efficiently  lubricated, 
they  consume  an  excessive  amount  of  oil. 

The  inherent  objections  to  the  rotary  engine  are : 

1.  The  presence,  in  the  volume  to  be  filled  by  live  steam  from 
the  boiler,  of  an  excessive  waste  space  which  has  to  be  filled  by 
steam  at  each  revolution,  which  steam  is  exhausted  without  doing 
all  the  work  there  is  in  if.  This  corresponds  in  reciprocating 
engines  to  an  excessive  clearance. 

2.  The  very  continuity  of  the  action  of  the  steam  upon  the 
rotating  pistons  precludes  the  possibility  with  the  single  rotary 
engine  of  working  the  steam  expansively,  so  that  when  the  steam 
leaves  the  motor  it  shall  have  become  largely  reduced  in  temper- 
ature and  pressure  by  doing  work  with  increase  of  its  initial 
volume.  The  expansion  is  from  the  boiler  and  the  water  in  it, 
and  not  from  the  actual  volume  received  by  the  engine  for  the 
work  of  one  stroke.  In  other  words,  the  rotary  engine  is  a  non- 
expansive  engine.  These  two  difficulties  make  the  rotary  engine 
uneconomical. 

3.  It  is  difficult  to  design  the  rotary  engine  for  large  horae- 
powers : 

First,  because  the  structure  becomes  inconvenient  the  moment 
that  large  areas  are  desired,  so  as  to  make  a  value  of  PA  in 
the  horse-power  formula  a  large  factor ;  second,  because  it  be- 
comes difficult  to  secure  the  condition  of  high  piston-speed  in  feet 
per  minute  unless  the  diameter  of  the  casing  be  made  so  large 
that  the  difficulties  both  practical  and  inherent  become  nearly 
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insurmountable  and  the  advantages  of  the  rotary  principle  are 
sacrificed. 

The  economy  which  a  single  rotary  engine  cannot  secure  from 
its  inability  to  work  the  steam  expansively  has  been  sought  and 
secured  in  a  degree  by  arranging  rotary  eugines  in  series  upon  a 
shaft,  so  that  the  steam  rejected  from  number  one  becomes  the 
driving  steam  for  motor  number  two  of  larger  volume.^  By  this 
means  the  steam  when  rejected  is  at  more  nearly  the  pressure  and 
temperature  of  saturated  steam  at  atmospheric  pressure  than  can 
be  attained  with  the  single  rotary  engine. 

In  view  of  the  existence  of  such  disadvantages,  both  inherent 
and  as  yet  unavoidable,  how  ought  an  engineer  to  meet  the 
approach  of  inventors  of  rotary  steam-engines,  if  he  wishes  to  retain 
a  clear  conscience  and  give  sound  advice  ?  Have  the  words,  "  No 
Thoroughfare"  been  written  over  against  the  path  towards  a 
successful  rotary  engine? 

No.  747—137. 

Basement  floors  for  macLme  shops. 

Prof.  Jao,  E.  Sweet, — To  fix  one's  ideas  in  treating  this  topic, 
let  it  be  assumed  that  the  ground  to  be  floored  is  both  solid  and 
damp. 

With  the  solid  ground  only  such  a  depth  of  filling  is  necessary 
as  that  required  to  distribute  a  concentrated  load  over  large 
enough  area,  so  that  a  hole  will  not  ba  punched  through  what 
constitutes  the  floor.  Concrete,  if  of  the  best  quality,  may  be  as 
good  as  anything,  and  the  necessary  thickness  would  depend  on 
the  weight  of  the  loads  which  it  has  to  support.  In  the  writer's 
opinion  a  layer  of  thin  flat  stone,  or  two  layers,  bedded  in  con- 
crete, and  then  a  thin  coating  of  concrete  to  give  the  full  depth  of 
say  6  inches,  is  better  than  6  inches  of  concrete,  however  good. 

To  cut  off  the  moisture  which  is  to  be  expected  a  coat  of  asphalt 
is  best.  Quick-lime  would  be  effectual,  but  with  an  unmatched 
floor  the  lime  would  sift  through  the  cracks.  The  wi'iter  believes 
that  a  layer  of  two-inch  plank  is  better  than  scantlings  buried  in 
the  cement,  as  it  better  distributes  the  load,  and  joints  in  the  top 
floor  can  come  anywhere.  We  have  determined  by  experience 
that  the  expected  in  this  case  does  not  happen ;  the  floor  does  not 
spring  up  and  down.  The  top  flooring  is  best  of  only  |  inch 
stuff,  5J  inches  or  less  in  width.     When  the  thin  top  floor  is  worn 
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through  in  places  and  needs  repairing,  the  bole  or  depression  is 
oqly  I  inch  deep,  whereas  with  thicker  top  flooring  it  is  deeper. 

Were  we  again  to  lay  a  floor  we  would  cut  all  the  top  flooring 
into  four-feet  lengths  to  facilitate  repairing,  breaking  joints  every 
coui'se. 

At  the  works  of  John  Lang  &  Son,  of  Johnstpwu,  Scotland, 
their  shop  floor  is  wholly  of  iron  chips,  and  is  a  solid,  fairly  good 
floor.  Not  as  clean  as  a  wood  floor,  but  one  that  would  answer 
well  in  a  basement.  The  cost  of  such  a  floor  would  depend  on 
the  market  value  of  chips.  It  is  cheap  to  put  down  and  the  night 
watchman  can  keep  it  in  repair. 

The  above  speculative  consideration  of  the  subject  is  presented 
for  the  express  purpose  of  having  those  who  have  had  experience 
give  the  facts,  which,  as  usual,  are  more  likely  than  not  to  upset 
the  theory.  What  is  the  best  construction  for  the  basement 
flooi's  of  machine  shops  ? 

Mr.  C.  f/,  //.  Woodbury. — In  the  design  of  a  floor  to  give  sat- 
isfactory service  in  the  basement  of  a  machine  shop,  considera- 
tion must  be  given  to  the  functions  to  be  required  of  the  floor 
and  also  for  the  foundation  upon  which  it  will  rest.  Wood  is 
by  far  the  best  material  in  the  construction  and  service  of  a 
floor,  being  a  non-conductor  of  heat,  which  furnishes  a  comfort- 
able foothold  for  the  feet,  as  well  as  a  good  grip  for  a  pinch 
bar.  It  is  something  more  than  a  mere  chance  that  the  help 
employed  on  the  stone  floors  in  European  mills  wear  either 
sabots  or  Lancashire  clogs,  which  interpose  wood  under  the 
feet. 

One  of  the  principal  difficulties  with  a  basement  floor  of  wood 
is  the  rapid  decay  which  is  apt  to  occur  in  certain  places  ia 
particular  kinds  of  lumber. 

The  antiseptic  processes  which  are  applied  to  wood  are  in 
many  instances  odorous,  slippery,  and  improperly  applied  to 
such  an  extent  that  they  fail  to  serve  their  purposes.  Outside 
of  the  claims  of  interested  parties,  the  preservation  of  wood  is 
an  opan  question  in  that  various  ) 'recesses  appear  to  be  more 
adapted  to  some  kinds  of  lumber  than  to  others,  and  there  ap- 
pears also  to  be  a  di£ference  in  results  under  what  is  supposed 
to  be  uniform  conditions  of  material 

One  of  the  leading  railroads  in  the  United  States,  which 
takes  pri  le  in  the  standard  nature  of  its  specifications,  has  had 
a  committee  on  preservation  of  wood  during  the  last  twelve 
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further  proteclion,  because  the  dust  which  is  removed  from 
them  by  the  attrition  of  wear  is  injurious  to  both  machinery 
and  the  stock  in  process. 

For  the  flooring  on  a  concrete  foundation  experience  shows 
that  a  1^^  inch  plank,  in  as  long  lengths  as  practicable,  but  with- 
out any  regularity  in  lengths  so  as  to  break  up  uniformity  in 
the  position  of  the  butt  joints,  should  be  covered  by  a  top 
flooring  of  hard  wood  laid  at  right  angles.  There  are  two 
methods  of  placing  the  top  flooring,  one  being  to  use  the 
channelled  maple  board  with  blind  nailing,  and  the  other  to 
drive,  directly  through  the  two  layers  of  flooring,  long  enough 
spikes  to  penetrate  the  concrete  below.  It  is  highly  important, 
however,  around  electric  generators  that  the  electrical  resistance 
of  the  wood,  even  with  blind  nails,  should  not  be  relied  upon 
as  a  protection,  but  that  rubber  mats  should  not  be  merely 
placed  on  the  floor,  but  secured  there  where  one  is  liable  to 
handle  conductors. 

For  the  upper  floor,  maple  presents  the  most  desirable 
appearance,  but  it  is  considered  that  the  black  bii  ch  will  resist 
better  than  any  other  lumbar  obtainable  in  this  vicinity,  but 
there  is  probably  more  southern  pine  used  for  this  purpose. 

For  the  under  plank  of  the  floor,  chestnut  easily  obtains  the 
first  preference,  and  hemlock  next,  notwithstanding  its  tendency 
to  warp  in  seasoning.  Nevertheless,  I  have  known  an  instance 
where  spruce,  despised  on  account  of  its  tendency  to  decay  in 
damp  places,  has  performed  good  service  during  some  forty 
years  of  use.  For  other  purposes  of  construction  the  use  for 
filling  under  floors  may  be  cinders,  spent  moulding  sand,  and 
air-slacked  lime  on  broken  stone,  all  of  which  have  served  useful* 
purposes. 

Other  forms  of  basement  floors  require  perhaps  more  rigidity 
than  what  has  been  outlined  in  these  suggestions.  A  boiler 
shop  in  a  locomotive  works  has  a  floor  which  consists  of  a 
pavement  of  cobble-stones  covered  with  8  inches  of  coal-tar 
concrete,  upon  which  is  one  course  of  4-inch  chestnut  plank, 
upon  which  is  laid  another  course  of  4-inch  oak  plank,  and  the 
two  treenailed  together. 

These  remarks  upon  basement  floors  are  meant  to  refer  only 
to  the  needs  of  machine-shop  pi'actice,  and  these  general  prin- 
ciples may,  with  modifications,  be  applied  to  basement  floors 
used  for  other  purposes  ;  but  that  is  another  story. 
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Prof,  Chas.  H.  Benjamin, — ^In  my  experience  the  principal 
difficulty  with  basement  floors  is  the  dampness ;  concrete  will 
not  keep  it  out,  and  the  flooring  rots  rapidly. 

This  will  be  most  noticeable  when  the  subsoil  is  a  hard  clay, 
not  readily  absorbing  the  surface  water. 

I  have  lately  seen  one  basement  floor  laid  in  a  large  shop 
about  100  feet  wide  and  200  to  300  feet  long.  The  material  was 
excavated  to  a  depth  of  about  three  feet  below  the  floor  line, 
and  a  system  pf  porous  drain  tile  laid,  sloping  from  the  centre 
either  way  towards  the  sides  and  discharging  into  outside 
drains.  The  whole  space  was  then  filled  in  with  cinders  care- 
fully rolled  as  for  a  roadway.  The  upper  surface  was  accurately 
graded  to  a  level  and  the  floor  joists  laid  flush  in  the  cinder 
without  tamping,  a  heavy  roller  being  depended  on  to  insure 
the  same  degree  of  density  and  hardness  at  every  point. 

A  2anch  matched  floor  was  then  laid,  resting  on  the  joist  and 
cinder  alike,  and  this  in  turn  covered  with  the  usual  J-inch 
narrow,  hard- wood  flooring. 

This  floor,  as  completed,  is  practically  a  unit,  resting  on  but 
not  fastened  to  the  cinder  bed,  and  as  the  latter  is  of  even 
density  the  assumption  is  that  the  floor  will  remain  leveL 
Time  only  will  determine  the  success  of  this  plan. 

No.  747—138. 

Crystallization  by  sbock. 

Mr.  OiM.  C.  Henning, — The  question  has  frequently  been  asked 
whether  structural  change  takes  place  in  solid  forgings  of  wrought 
'iron  or  steel  as  the  result  of  continued  vibration,  either  under 
strain  or  in  the  absence  of  it.  This  question  thus  put  is  quite  as 
indefinite  as  it  is  possible  to  make  i^  and  to  a  logical  mind  it  is 
about  as  definite  as  another  famous  question  which  was  once 
asked  of  an  old  woman  as  to  whether  *•  the  geese  lay  eggs."  She 
answered  calmly,  "  That  depends,"  and  began  a  lengthy  explana- 
tion by  saying  that  *'If  they  are  not  all  ganders,"  etc.,  etc.  To 
answer  the  question  even  in  a  very  brief  manner,  it  becomes 
necessary  to  define — 

1.  The  particular  kind  of  solid  forgings  of  wrought  iron  or 
steel ; 

2.  The  particular  condition  each  is  in ; 

3.  Tbe  particular  processes  to  which  each  has  been  subjected ; 
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4.  The  particular  stress  to  which  each  might  be  subjected  ; 

5.  The  degree  of  stress  to  which  each  might  be  subjected. 
Forgiugs  have  frequently  been  known  to  break — 

A.  While  apparently  without  strain  ; 

B.  While  under  very  light  strain  ; 

C.  While  under  safe  strain. 

On  the  other  hand,  forgiugs  have  been  known  to  break  under 
tension  strains  with  a  very  "short"  fracture,  while  all  attempts 
to  break  samples  intentionally,  fail  to  develop  any  such  char- 
acteristics. 

Let  us  first  consider — 

1.    The  partictdar  kind  of  forging. 

These  may  have  been — 

a.  Reductions  of  large  pieces  to  similar  smaller  ones ; 

J.  Bent,  split,  branched,  or  distorted  ; 

c.  Welded. 

a.  Foi*gings  of  this  cliiss  should  be  and  are  made  at  low  tem- 
peratures and  in  few  heats,  uniformly  distributed. 

b.  This  class  requires  much  higher  heats  and  many  of  them 
according  to  design,  and  much  local  heating. 

c.  These  require  very  high,  almost  melting  heats,  and  while 
generally  but  few,  they  are  always  local. 

The  diflferences  in  results  of  pieces  subjected  to  the  treatment 
indicated  will  be  as  indefinite  as  there  may  be  shapes  and  sizes. 

2.  Particular  condition  each  is  in. 

The  foregoing  will  at  once  show  that  the  solid  forgings  pro- 
duced by  either  of  above  methods,  will  be  in  as  many  coaditions 
as  there  are  changes  of  shape. 

Those  of  class  a  may  be  (but  are  not  necessarily)  uniform  in 
grain  or  texture  or  strain. 

Those  of  class  h  must  necessarily  be,  and  always  are,  of  all 
varieties  of  grain,  texture,  or  strain. 

Those  of  class  c  are  always  of  positively  diflfering  grain  and 
texture. 

3.  Particular  processes  each  has  been  subjected  to. 

The  various  kinds  of  forgings  may  have  been  allowed  to  cool 
oflf  on  end  or  lying  flat,  singly  or  in  piles,  in  the  wet  or  dry,  in- 
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doors  (summer  heat)  or  outof  doors  (freezuig  temperatures).  TLey 
may  have  been  heated  to  a  moderate  uniform  heat  after  forging, 
and  then  allowed  to  cool  likewise;  they  may  have  been  annealed, 
and  then  cooled  very  slowly.  Again,  they,  or  parts  of  them,  may 
have  been  quenched  in  water  more  or  less  cold,  or  even  purposely 
hardened  at  some  parts. 

Each  of  these  various  processes  produces  its  particular  effect. 

4.  The  particttlar  stress  to  which  each  might  be  subjected. 

The  forgiugs  may  be  strained  in  torsion,  or  revei^se  torsion ; 
alternately  in  tension  and  compression  (repeated  stress) .  or,  again, 
in  vibratory  or  percussive  stress,  or  in  simple  tension  or  compres- 
sion, constantly  or  repeatedly  applied.  It  is  plain  that  each  or 
all  of  these  stresses  might  be  applied  successively  to  any  single 
forging,  and  each  may  produce  a  different  effect  on  grain  or 
texture,  accordiug  to  previous  condition  or  treatment ;  hence 
unless  these  be  all  known  and  defined  their  effects  cannot  be 
described. 

5.  The  degree  of  dress  to  which  each  might  be  subjected. 

It  must  be  stated  whether  the  stress  applied  is  local  or  uni- 
formly distributed,  whether  small  or  great.  It  must  be  clearly 
known  whether  even  small  stress  produced  an  infinitely  small 
permanent  effect  on  the  surface  of  the  forging,  like  the  blow  of  a 
hand-hammer  on  an  anvil,  which  ultimately  even  changes  not 
only  the  texture  or  grain,  but  also  the  shape,  for  it  is  well  known 
that  even  the  light  blow  of  a  tack-hammer  will  in  a  short  time 
affect  a  hardened  die-block  because  of  the  extremely  local  and 
intense  effect  of  such  action  upon  grain  after  grain.  Having  thus 
examined  all  the  possibilities  which  may  enter  into  the  problem 
or  question,  it  will  be  at  once  appreciated  that  the  question  can- 
not be  answered  in  any  reasonable  manner. 

However,  if  the  question  be  so  changed  as  to  cover  only  one 
particular  case,  and  that  the  very  simplest  of  them  all,  then  a  con- 
cise and  definite  answer  may  be  given. 

The  question  thus  simplified  or  specialized  would,  perhaps, 
become  : 

Does  structural  change  take  place  in  solid  symmetrical  forgings 
of  uniform,  homogeneous  wrought  iron  or  steel,  having  been 
brought  to  this  condition  by  proper  treatment,  removing  all  acci- 
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dental  or  internal  stresses,  as  the  result  of  continued  vibrations 
either  under  a  moderate  uniformly  distributed  strain,  always  far 
within  that  limit  at  which  even  ever  such  slight  change  of  shape 
takes  place,  or  during  absence  of  it  ? 

Under  these  conditions  an  unequivocal  and  positive  answer  can 
be  given,  and  it  is:  "That  there  never  has  been  a  case  found 
where  it  could  be  demonstrated  or  was  known  that  any  change 
had  taken  place." 

Moreover,  there  never  has  been  a  well-established  case  of 
change  of  structure  which  could  not  be  readily  explained  after 
close  examination  as  due  to  some  definite  excessive  force. 

It  is  of  course  assumed  that  all  forces  applied  produce  vibra- 
tions in  wrought  iron  and  steel. 

Almost  the  only  case  which  would  positively  prove  what  does 
take  place  is  the  constant  sounding  of  its  fundamental  note  of  a 
piece  of  metal  known  to  have  been  uniform  initially. 

I  do  not  think  that  a  tuning-fork  which  has  not  changed  its 
weight  and  shape  has  ever  altered  in  pitch,  and  is  absolutely 
constant  under  similar  conditions. 

Did  any  structural  change  take  place  it  could  not  possibly 
retain  its  pitch,  and  under  the  circumstances,  and  as  a  matter  of 
fact,  tuning-forks  remain  constant,  except  when  corroding  or  when 
visibly  injured  externally. 

The  mere  fact  of  fibrous  or  of  crystalline  appearance  of  a 
fractured  forging  does  not  warrant  any  conclusion  as  to  the  prob- 
able cause  of  such  condition,  unless  the  internal  condition  had 
been  determined  when  the  piece  had  been  forged. 

It  is  well  known  that  a  certain  degree  of  heating  will  produce 
"fibrous''  appearance  in  homogeneous  materials,  while  a  high 
heat  is  very  apt  to  produce  "crystalline"  appearance.  Other 
temperatures  will  produce  neither  the  one  nor  the  other,  but 
"granular"  structure.  Hence  one  foiling,  having  been  heated 
differently  at  different  points,  may  have  either  one  or  all  of  these 
structural  variations,  and  a  priori  conclusions  are  valueless. 

If  there  are  these  differences  of  structure,  there  will  also  be 
differences  of  initial  strains,  and  these  may,  and  generally  do 
vary  in  courae  of  time.  This  change  of  internal  stress  is  known 
to  produce  differences  of  structure  in  course  of  time,  and  espe- 
cially under  effect  of  external  forces.  But  this  is  only  an 
abnormal  case,  and  cannot  be  considered  the  invariable  rule. 

In   the   case   of  a   gun   forging,  where  the  material  is  made 
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uniform  after  each  treatmeut  or  woikiug,  no  cliange  of  stractore 
has  ever  been  demonstrated  to  occur. 

Prof,  F.  R.  Sutton, — There  is  scarcely  any  subject  in  structural 
material  on  which  so  many  divergent  opinions  are  to  be  elicited 
as  on  the  question  whether  a  structural  change  takes  place  in 
solid  forgings  of  wrought  iron  or  steel  as  the  result  of  continued 
vibration,  either  under  strain  or  under  absence  of  it. 

I  put  myself  on  record  in  a  discussion  of  Mr.  William  Hill*s 
paper  on  the  "Apparent  Crystallization  under  Shock  of  a  Wrought 
Iron  Hammer  Head,"  which  was  published  in  our  Transactions j 
volume  vii.,  page  2^1. 

The  appearance  which  gives  rise  to  what  is  called  fibrous 
structure  of  wrought  iron  has  been  most  satisfactorily  described 
by  Mr.  Durfee,  both  in  the  discussion  of  the  paper  to  which  I 
have  referred  and  in  a  recent  lecture  which  he  delivered  before 
the  Franklin  Institute  of  Philadelphia.  This  conception  makes 
the  bar  of  wrought  iron  the  result  of  rolling  nodules  of  true  metal 
into  elongated  particles  with  a  ciuder  film  between  them,  which 
film  is  drawn  out  with  the  particles.  If  a  bar  of  wrought  iron  be 
subjected  to  the  action  of  acid,  then  its  effect  upon  the  cinder 
films  leaves  the  elongated  metal  in  a  sort  of  relief,  so  as  to  simu- 
late a  fibrous  structure  in  any  given  length.  When  either  sud- 
den jerk  or  prolonged  process  of  extension  and  releasing  of  strain 
tends  to  loosen  these  elongated  masses  from  each  other,  aud  from 
the  cinder  envelope  by  which  they  are  surrounded,  the  structure 
of  the  bar  is  broken  down,  and  it  loses  its  ability  to  withstand 
strain.  Vibration  is  of  two  kinds :  that  which  takes  place  across 
the  axis  of  a  body,  as  in  violin  strings  and  tuning-forks,  and,  sec- 
ondly, lengthwise,  or  parallel  to  the  long  axis  of  the  body,  such  as 
occurs  in  bolts  which  fasten  hammer-heads  to  their  helves  and 
in  the  piston-rods  of  vertical  steam  hammers  and  the  like.  If 
the  structure  is  of  a  sort  to  be  loosened  or  disiutegiated  by  this 
lengthwise  extension,  or  crosswise  flexure,  it  would  seem  intelli- 
gent to  suppose  tbat  vibration,  loosening  the  particles  from  each 
other,  might  ultimately  cause  the  structure  to  change  in  character. 

It  will  be  interesting  to  gather  together  information  as  to  the 
actual  occurrence  of  a  change  of  this  sort,  and  there  has  been 
therefore  propounded  by  one  of  our  members  the  question,  Will 
continued  vibration  alter  the  molecular  arrangement  of  iron,  and 
can  you  give  illustrations  of  such  crystallization  from  your  own 
experience? 
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DCCXLVm. 

MEMORIAL  NOTICES  OF  MEMBERS  DECEASED 
DURING   THE  YEAR. 

[Note. — A  memorial  monograph  with  portrait  of  the  late  J.  F.  Holloway.  Past 
President  of  the  Society,  will  be  found  at  page  612  of  the  present  volume,  and 
following  it,  on  page  628,  the  contributions  which  were  made  to  the  voluntary 
memorial  sesdion  which  was  held  at  the  lime  of  the  seventeenth  aunaal  meet* 
iiig  in  New  York,  December,  1896. 

The  notices  which  follow  refer  to  other  members  of  the  Society,  who  had  not 
held  presidential  office. — Secretary.'] 

AMBROSE  PLAMONDON. 

Mr.  Plamondon  was  a  Canadian  by  birth.  He  was  born  in 
Quebec,  December  31,  1833.  At  an  early  age  the  family  moved 
to  Oswego,  N.  Y.,  and  at  the  age  of  twenty-two  he  erected  the 
extensive  starch  works  at  that  place,  and  for  several  years 
operated  the  plant.  Shortly  after,  he  decided  to  locate  in  the 
West,  and  after  an  extensive  trip  in  northern  Illinois,  he  located 
in  1857  in  Chicago,  with  whose  future  commercial  possibilities 
Mr.  Plamondon  was  much  impressed.  His  first  firm  was  Pla- 
mondon &  Palmer,  but  in  1864  the  A.  Plamondon  Manufacturing 
Company  was  organized,  of  which  he  was  president  until  his 
death.  He  was  also  connected  with  other  companies  as  presi- 
dent, among  them  the  Pneumatic  Malting  Company  and  the 
Saladin  Malting  Company. 

He  became  a  member  of  this  Society  in  November,  1886.  His 
health  had  not  been  robust  for  some  time,  and  early  in  January, 
189(5,  Mr.  Plamondon  took  a  trip  to  Arkansas,  and,  although  his 
recovery  from  tho  local  difficulcy  was  rapid,  he  contracted  a  cold, 
which  developed  into  a  congestion  of  the  lungs,  and  which  so 
told  upon  his  strength  that,  although  he  endured  the  journey 
from  Hot  Springs  to  Chicago,  he  failed  gradually  until  his  death 
at  his  home,  February  19,  1896. 

BENJAMIN  MARVIN   HARRIS. 

Mr.  Harris  was  the  youngest  son  of  Hon.  Marvin  Harris,  of 
Orleans  County,  N.  Y ,  and  was  bom  at  Kendall,  N.  T.,  Novem- 
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ber  15,  1866.  His  preparatory  education  was  obtained  at  the 
State  Normal  School  at  Brockport,  N.  Y.,  after  which  he  entered 
Cornell  University,  where  he  graduated  in  the  course  in  mechani- 
cal engineering  in  1890.  Subsequently  he  took  a  course  in  elec- 
trical engineering.  He  had  an  aptitude  for  mechanics,  and  his 
standing  in  college  was  high. 

After  his  graduation  he  went  abroad,  spending  some  time  in 
Great  Britain  and  on  the  Continent.  Upon  his  return  he  entered 
the  employ  of  the  Heidenrick  Construction  Company,  of  Chicago, 
in  October,  1891,  where  he  remained  one  year.  He  was  then 
engaged  by  the  Hill  Clutch  Company,  of  Cleveland,  and  had 
charge  of  the  construction  for  them  of  valuable  machinery  in 
various  parts  of  the  country.  He  was  subsequently  employed 
by  the  Electrical  Printing  Company  of  New  York,  and  afterwards 
became  estimating  engineer  for  the  Globe  Electrical  Construc- 
tion Company  of  New  York.  He  left  the  employ  of  this  com- 
pany in  December,  1895,  to  accept  the  position  of  assistant  mas- 
ter mechanic  for  the  Guggenheim  Smelting  Company,  and  went 
to  Aguas  Calientes,  Mexico,  where  one  of  their  smelters  is  lo- 
cated. He  was  engaged  there  until  about  April  1,  1896,  when 
he  had  an  attack  of  typhoid  and  malarial  fevers,  from  which, 
however,  he  became  convalescent.  Upon  returning  to  his  work 
he  suffered  a  relapse,  and  died  May  2,  189n.  He  was  elected 
a  junior  member  of  the  Society  at  the  Providence  meeting 
in  1891. 

ROBERT  J.   GII.MORB. 

Mr.  Gilmore  was  bom  in  Calais,  Me.,  in  1847.  He  was  a 
machinist  by  trade,  ^nd  in  1871  he  removed  to  Providence  to 
become  foreman  of  the  Allen  Fire  Department  Supply  Company. 
He  later  became  superintendent,  and  at  the  time  of  his  death 
was  its  sole  proprietor.  Mr.  Gilmore's  inventive  capacity  was 
directed  in  the  line  of  his  business,  and  the  improved  hose- 
couplings  now  in  general  use  were  devised  by  him,  and  he  also 
had  a  share  in  the  perfecting  of  what  is  known  as  the  electric 
fountain,  originally  designed  by  Messrs.  Gilmore  &  Dunlap. 
The  ring  traveller  is  universally  made  at  this  time  by  a  machine 
invented  by  Mr.  Gilmore. 

He  became  a  mem^ber  of  the  Society  in  May,  1889,  and  died 
July  2,  1896.     He  was  active  in  the  body  of  Masons. 
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WALTER   W.   SMITH. 

Mr.  Walter  Whittemore  Smith  was  born  March  8,  1850,  in 
Troy,  O.  His  mechanical  ingenuity  showed  itself  at  an  early 
clay.  He  graduated  in  the  mechanical  engineering  course  in  tbe 
Massachusetts  Institute  of  Technology  in  1871,  and  in  the  fol- 
lowing winter  he  studied  at  the  University  of  Berlin,  although 
the  rigorous  climate  prevented  him  from  completing  his  in- 
tended course.  In  1873  and  1874  he  was  in  charge  of  the 
designing  and  draughting  with  the  Barney  &  Smith  Company,  of 
Dayton,  O.,  and  in  1874-75  he  established  with  Mr.  J.  H.  Vaile 
the  Smith  &  Vaile  Company  for  the  manufacture  of  pumps, 
pumping  machinery,  oil  mill  and  general  hydraulic  work. 

Mr.  Smith  was  active  in  religious  and  educational  work:  a 
trustee  of  the  Western  Academy  at  Oxford,  O.  He  became  a 
member  of  this  Society  at  the  Cincinnati  meeting  in  1890,  and 
passed  away,  after  a  long  illness,  in  July,  1896. 

JOSEPH   S.    LUDLAM. 

Mr.  Ludlam  was  born  in  Cape  May  County,  N.  J.,  September 
16,  1837.  He  had  the  experience  of  every  one  who  at  that 
early  day  desired  to  enter  the  ranks  of  the  engineers,  taking 
his  earlier  training  in  the  form  of  experience  in  the  manage- 
ment of  steam  engines  in  out-of-the-way  places  where  no  one 
else  could  be  found  to  do  the  work.  He  travelled  very  widely 
all  over  the  world,  working  as  miner  and  as  mechanic,  and  has 
been  a  steamboat  captain  as  well  as  marine  engineer.  During 
the  war  he  was  in  Chinese  waters,  and  was  concerned  in  several 
of  the  schemes  which  were  employed  for  the  capture  of  the  Con- 
federate gunboat  Alabama  oflf  Shanghai. 

He  was  under  the  command  of  (General  Gordon  (Chinese 
Gordon)  during  all  of  his  career  in  the  East.  After  the  close  of 
the  war  he  was  mining  in  the  copper  district  at  Lake  Superior, 
and  was  called  to  succeed  General  Palfry  as  agent  of  the  Merri- 
mac  Corporation  in  1875,  in  spite  of  the  statement  which  he 
made  that  previous  to  assuming  that  position  **  he  had  never 
seen  the  inside  of  a  cotton  mill.'*  In  1886,  when  Mr.  Ludlam 
joined  the  Society,  that  corporation  was  i^unning  over  100  steam 
engines  and  burning  1,^00  tons  of  coal  per  annum,  and  his 
friends  at  that  time  spoke  of  his  having  shown  very  marked 
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ability  and  as  being  one  of  the  most  successful  mill  agents  in 
his  territory. 

His  death  occurred  August  4,  1896,  after  a  long  and  serious 
illness. 

J.  T.  RIDGWAY. 

Mr.  Joseph  Theodore  Kidgway  was  bom  at  Tuckerton,  N.  J., 
January  22,  1838.  His  education  was  chiefly  at  the  public 
schools  of  his  native  town,  but  he  entered  the  navy  as  seaman 
July  15, 1861,  and  was  first  assigned  to  duty  in  West  Indian  and 
South  American  waters,  and  afterwards  attached  to  the  Atlantic 
Squadron  blockading  the  Southern  ports.  In  his  early  expe- 
rience he  cruised  after  the  foreign  steamers  Sumter  and  Nash- 
vUle^  and  later  went  on  duty  on  the  James  River.  In  March, 
1862,  he  assisted  in  the  capture  of  the  east  coast  of  Florida, 
from  St.  Andrews  to  St  Augustine,  and  was  made  acting  mas- 
ter's mate  in  that  year.  In  January,  1863,  he  was  in  the  engage- 
ment with  the  Confederate  ram  Ohlcora  at  Charlestown,  and 
received  his  wound.  In  August,  1864,  he  was  made  acting 
ensign.  In  January,  1865,  he  shared  in  the  battle  and  capture 
of  Fort  Fisher,  and  during  his  naval  services  was  twice  pro- 
moted for  gallantry.  His  chief  engineers  at  sea  were  Messrs. 
Davis  and  Eddows.     He  was  discharged  March  28,  18G5. 

Besigning  from  the  navy,  he  went  to  West  Virginia  at  the 
close  of  the  war  and  was  engaged  in  prospecting  for  oil.  Dur- 
ing five  years  he  was  also  in  charge  of  the  construction,  erection, 
and  testing  of  engines  and  in  practice  on  the  river  boats.  For 
four  years  he  was  with  the  Baldwin  Locomotive  Works  of  Phila- 
delphiaj  passing  through  nearly  all  their  departments,  and  finally 
doing  contract  work.  He  then  moved  to  Trenton,  N.  J.,  and  be- 
came vice  president  of  the  Star  Bubber  Company,  whose  plant 
he  designed.  In  addition  to  this,  he  became  vice-president  and 
general  manager  of  the  Trenton  Electric  Light  and  Power  Com- 
pany, whose  plant  he  planned  and  erected.  He  was  also  con- 
sulting engineer  for  a  number  of  establishments  in  his  State. 
He  was  a  member  of  the  Board  of  Public  Works  of  his  city  at 
the  time  of  his  death. 

He  became  a  member  of  the  Society  at  its  Washington  meet- 
ing in  May,  1887,  and  passed  away  August  27, 1896. 
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ERNEST  STOLL  CKONISE. 

Mr.  Cronise  was  born  in  New  York  City,  October  16,  1861. 
He  graduated  from  Stevens  Institute  of  Technology  in  Hoboken 
in  1881  with  the  degree  of  Mechanical  Engineer.  He  spent 
three  years  in  the  motive  power  department  of  the  Pennsylvania 
Railroad  and  in  the  New  York,  West  Shore  and  Buffalo  Railway 
as  apprentice  in  the  machine  shop,  in  the  drawing  room,  and,  in 
the  department  of  the  road,  foreman  of  engines.  He  was  for  over 
a  year  assistant  inspector  of  car  construction  for  the  West  Shore 
Railway  at  Pullman. 

On  leaving  this  assignment  he  entered  the  Worthington 
Hydraulic  Works  of  Brooklyn  as  machinist,  remaining  one  year 
in  this  capacity,  one  year  as  draughtsman,  and  serving  on  their 
erecting  department  for  some  time,  and  as  salesman  in  their  West- 
ern offices.  Returning  to  New  York,  he  was  put  in  charge  of  the 
meter  department  of  the  Worthington  Company,  which  was 
the  position  he  held  at  the  time  of  connecting  himself  with 
the  Society  at  the  New  York  meeting  in  1891. 

His  death  took  place  September  19,  1896. 

LEVI  K.  FULLER. 

Levi  Knight  Fuller  was  born  February  24,  1841,  in  West 
Moreland,  N.  H.  His  parents  moved  to  Bellows  Falls  in  1845, 
and  with  the  consent  of  his  parents  he  left  home  in  1854  to 
learn  a  trade  in.  Brattleboro,  Yt.  His  first  trial  was  at  the 
printer's  trade,  but  his  tastes  did  not  lie  that  way,  and  he  much 
preferred  to  work  out  woodcuts  with  his  knife  for  illustrating 
the  local  journal  published  by  his  employer.  He  became  a  tele- 
graph operator  at  Burlington,  Vt.,  but  really  began  his  life-work 
by  becoming  apprentice  in  the  firm  of  Messrs.  Chubbeck  & 
Campbell,  of  Roxbury,  Mass.,  and  attended  evening  schools  in 
Boston.  Returning  to  Brattleboro  in  1860,  he  opened  a  machine 
shop,  making  a  specialty  of  wood-working  machinery,  and  began 
also  the  manufacture  of  sewing  machines. 

In  1866,  in  connection  with  his  brother-in-law,  Mr.  J.  J.  Estey, 
the  firm  of  Jacob  Estey  &  Company  was  created  for  the  manufac- 
ture of  the  Estey  organ,  and  Mr.  Fuller  became  the  superinten- 
dent of  the  mechanical  department.  It  was  in  this  relation  that 
Mr.- Fuller  became  best  known.  While  reed  organs  were  manufac- 
70 


1094  MEMBERS  DECEASED   DURING   THE   YEAR. 

tured  in  the  forties,  the  business  did  not  attain  large  propor- 
tions until  after  the  war  of  1861-65.  Mr.  Fuller  took  out  more 
than  a  hundred  patents  during  his  connection  with  his  chosen 
work,  although  many  of  them  were  in  different  lines  from  his 
chosen  specialty. 

In  1872  President  Grant  offered  Mr.  Fuller  an  appointment  as 
one  of  the  commissioners  to  the  Vienna  Exposition,  and  although 
the  appointment  had  to  be  declined  for  business  reasons,  it  was 
the  beginning  of  an  activity  in  civic  and  public  affiairs  which 
lasted  during  the  rest  of  Colonel  Fuller's  life.  He  organized  in 
1S74  a  battery  of  the  Vermont  National  Guard,  and  was  for  a 
long  time  its  captain.  In  1880  he  was  elected  State  Senator, 
in  1886  Lieutenant-Governor,  and  in  1892  Governor  of  Vermont 
In  1891  Mr.  Fuller,  although  in  impaired  health,  became  an 
active  member  of  the  committee  whose  ultimate  action  resulted 
in  the  determination  of  what  is  known  musically  as  international 
pitch,  and  in  that  work  he  showed  a  practical  familiarity  with 
the  science  of  acoustics  which  has  been  one  of  his  great  claims 
to  distinction.  Mr.  Fuller  made  a  collection  of  standard  tuning 
forks,  numbering  several  hundreds,  and  which  is  said  to  be  by 
far  the  most  remarkable  and  complete  collection  of  its  kind  in 
existence.     It  was  exhibited  at  the  World's  Fair  in  1893. 

Mr.  Fuller  took  a  deep  interest  in  educational  matters.  He 
was  a  trustee  of  the  schools  of  his  State ;  he  bought  and  pre- 
sented a  school  for  exiict  agricultural  training  for  the  Vermont 
Academy  at  Sax  ton's  Biver ;  he  added  an  equatorial  telescope 
to  the  equipment  of  the  school,  and  in  connection  with  the  late 
33.  F.  Sturtevant,  of  Boston,  he  contributed  largely  to  the  erec- 
tion of  a  special  hall,  which  has  been  known  as  Fuller  HalL 

Governor  Fuller  was  one  of  the  charter  members  of  this 
Society.  His  death  took  place  October  10,  1896,  after  a  long 
and  painful  illness. 

STLVANUS  DYER  LOCKE. 

Sylvanus  Dyer  Locke  was  bom  September  11,1 833, in  Bichfield, 
Otsego  County,  N.  T.  He  received  his  education  at  Fairfield 
Academy,  Fairfield,  Herkimer  County,  N.  Y.,  supporting  himself 
at  the  age  of  seventeen  by  teaching  district  school  in  the  winter. 
In  his  twenty  first  year  he  became  principal  of  one  of  the  large 
graded,  or  union,  schools  in  New  York  State.     In  1856-7  he  was 


MEMBERS   DECEASED   DURING   THE   YEAH.  1095 

engineer  and  draugbtsraan  on  tbe  Wisconsin  Central  Railroad, 
but  after  the  financial  panic  of  that  year  he  became  again  principal 
of  a  seminary  in  Columbus,  Ky.,  although  taking  part  in  1868  in 
the  triangulation  which  was  in  progress  over  the  Mississippi 
River.  In  1859-60  he  returned  to  the  North,  admonished  by 
the  unsettled  political  conditions  of  that  time,  and  entered  the 
law  office  of  Bennett,  Cassoday  &  Gibbs,  in  Janesville,  Wis  In 
1861  he  was  admitted  to  the  bar,  but  devoted  most  of  his  time 
to  the  duties  of  city  engineer  and  county  surveyor,  in  which 
capacity  he  served  for  eight  years,  from  1861  to  1869.  His 
work  of  that  period  involved  surveys  for  slack-water  navigation 
of  Rock  River  in  Wisconsin  and  of  the  water-power  of  Cedar 
River  at  Cedar  Falls,  la. 

The  principal  direction  of  Mr.  Locke's  mind,  however,  even 
during  these  years,  was  that  in  which  it  obtained  later  its  full 
scope— in  the  development  of  machinery  for  harvesting.  It  was 
while  visiting  friends  on  a  farm  in  1860  that  he  first  saw  the  need 
of  an  automatic  binding  harvester.  His  acceptance  of  the  posi- 
tion of  surveyor  was  based  on  his  desire  to  have  an  income  which 
he  could  spend  for  the  development  of  his  ideas.  Against  the 
warnings,  advice,  and  even  entreaties  of  his  friends,  who  declared 
that  he  was  pursuing  a  will-o'-the-wisp  and  sacrificing  the  best 
years  of  his  life  in  hopeless  efforts  to  obtain  the  unattainable, 
he  pursued  unfalteringly  his  purpose.  Year  after  year  passed 
in  what  appeared  to  be  fruitless  efforts  to  build  a  successful 
machine.  The  first  machine  he  built  bound  well  in  the  shop, 
as  well  as  any  machine  ever  built  since.  It  did  not  fail  there 
nor  at  fairs,  but  it  could  not  bind  successfully  in  the  field.  The 
difficulty  was  in  the  presentation  of  the  grain  to  the  binder  in 
proper  shape  to  be  bound.  He  applied  binders  to  self-raking, 
hand  raking  and  hand  forking  machines,  only  to  meet  with 
failure,  always  with  failure.  Each  year  he  applied  a  binder 
to  a  reaper  only  to  meet  with  defeat,  and  each  year  the  experi- 
ences and  failures  of  the  preceding  year  were  again  repeated, 
and  so  for  nine  long  years  he  struggled  persistently  and  dis- 
couragingly  on. 

In  February,  1869,  he  entered  into  a  contract  with  Walter  A. 
Wood  in  relation  to  grain  binders.  He  wanted  to  put  a  binder 
on  a  side-delivery  endless-apron  machine.  His  experience  had 
convinced  him  that  no  rake  could  sucessfully  deliver  grain  to  a 
binder,  and  this  conviction  has  been  sustained  and  fully  con- 
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firmed  by  all  subsequent  experieDces  in  the  field.  No  rake  has 
ever  been  made  to  work  with  the  binder.  Only  a  side-delivery 
harvester  delivering  a  stream  of  grain  continuously  to  the 
binder  has  been  made  to  work ;  everything  else  has  failed. 
But  to  satisfy  Mr.  Wood  *he  applied  a  binder  to  his  pet 
machine,  his  chain  rake  reaper.  He  had  no  confidence  in  the 
venture,  and  in  the  field  in  the  early  harvest  of  1869  it  failed. 
Anticipating  failure,  he  had  quietly,  and  unknown  to  Mr.  Wood, 
and  before  the  harvest  of  1869,  built  a  model  of  an  automatic 
binding  harvester  that  worked  in  a  new  manner  and  upon 
radically  different  principles. 

Before  this  date  inventors  and  experimenters  in  the  harvest 
field  had  dealt  only  with  massed  bundles.  Either  the  reaper 
delivered  a  predetermined  massed  gavel  or  the  grain  was  meas- 
ured by  cut-oflf  mechanism  before  its  delivery  to  the  binder. 
No  one  had  succeeded  in  binding  directly  from  a  stream  of 
grain ;  hence  all  failed.  The  model  which  he  had  built  prior 
to  the  harvest  of  1869,  and  the  full-sized  machine  built  during 
and  immediately  after  that  harvest,  marked  a  new  departure  in 
grain  binders  and  illustrated  a  new  method  of  binding  from  a 
stream  of  grain  which  proved  a  success  from  the  very  begin- 
ning, and  which  has  been  adapted  by  every  practical  builder, 
and  entered  into  every  successful  machine.  This  machine  of 
1869  was  thoroughly  tested  in  the  harvest  of  1870,  proving  to 
be  a  pronounced  and  grand  success,  binding  many  acres  well. 
This  appears  to  have  been,  and  is  believed  to  have  been,  the 
first  successful  automatic  binding  ever  done. 

Though  the  machine  was  a  success,  he  was  not  yet  out  of  the 
woods.  Many  difficulties  had  to  be  met  and  overcome.  Some 
of  these  related  to  the  strength  of  the  parts  of  the  machine, 
while  others,  and  a  greater  part  of  the  difficulties,  referred  to 
the  condition  of  the  grain  in  the  field.  Whether  short  and  thin 
or  very  tall,  like  some  rye  ;  whether  green  and  heavy,  or  over- 
ripe and  very  light  and  puffy  ;  whether  wet  or  dry,  sti'aight  or 
down  and  tangled  by  the  storm,  the  condition  of  the  grain  pre- 
sented many  difficulties  which  had  to  be  met  and  overcome  by 
special  construction  or  adaptation  of  the  machine.  Finally,  the 
machine  was  completed  and  put  upon  the  market  in  1873. 
After  the  harvest  of  1872  and  before  the  harvest  of  1873  five 
harvesters  and  binders,  or  automatic  binding  harvesters,  were 
built.     One  of  these  was  sent  to  the  Vienna  Exposition,  two 
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were  retained  for  experimental  use,  and  the  other  two  were  sold, 
one  to  I.  P.  Cook,  of  Janesville,  Wis.,  and  the  other  to  Thomas 
Cameron,  of  Richmond,  Walworth  County,  Wis.,  and  by  them  used 
during  the  harvest  of  1873,  binding  to  their  satisfaction  all  of 
their  grain.  Unquestionably  these  were  the  first  machines  ever 
sold  to  actual  farmers,  and  they  were  sold  at  least  two  years  in 
advance  of  the  sale  of  any  other  machine,  and  anticipated  the 
great  extensions  in  this  department  which  were  shown  at  the 
Centennial  Exhibition  of  1876.  For  two  years  he  stood  alone 
without  competition.  Since  then,  of  course,  others  haVe  entered 
the  field.  Many  of  the  features  or  parts  of  the  binder  invented 
and  used  by  him  are  known  to  be  necessary  and  absolutely 
essential  to  the  construction  and  operation  of  a  successful  self- 
binder.  He  may  not  be  accorded  full  credit  for  what  he  has 
done,  but  he  had  the  consolation  of  knowing  that  many  of  the 
essential  features  of  the  binder  have  had  to  be  adopted  and 
appropriated  by  every  builder,  and  have  entered  as  component 
integral  parts  of  every  successful  machine.  One  of  these 
essential  features  related  to  the  general  construction  of  the 
binder,  and  consisted  essentially  of  a  binder  frame  overhanging 
and  subtending  the  binding  receptacle  from  the  end  of  the  gi'ain. 
This  invention  not  only  holds  the  widely  separated  diverse 
parts  of  the  binding  mechanism  above  and  below  the  grain  in 
exact  co-working  position,  but  it  secures  an  open  throatway  for  the 
passage  of  long  grain,  so  avoiding  the  widening  of  the  machine, 
and  dispensing  with  one  of  the  supports  at  the  ends  of  the 
grain. 

Another  and  very  essential  feature  related  to  binding  from  a 
stream  of  grain,  and  consists  essentially  of  the  delivery  mechan- 
ism of  the  harvester  delivering  a  stream  of  grain  continuously 
to  the  binding  receptacle,  the  binding  receptacle  receiving  the 
stream  continuously  delivered  by  the  harvester,  and  an  automatic 
binder  working  in  the  receptacle  to  separate  the  stream  into 
gavels,  and  bind  and  discharge  them  from  the  machine  without 
interfering  with  the  flow  of  the  stream. 

Another  and  a  third  essential  related  to  the  sizing  of  the 
bundles,  and  consists  essentially  of  the  delivery  mechanism  of 
the  harvester  delivering  a  stream  of  grain  continuously  into  a 
binder,  an  automatic  binder  working  in  and  with  the  stream  to 
separate  it  into  gavels,  and  a  clutch  interposed  between  the 
delivery  mechanism  and  the  binder,  to  size  the  bundles  by  pro- 
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ducing  intermittent  motion  of  the  binder  while  the  deliverj 
mechanism  works  continuously. 

The  fourth  essential  feature  invented  and  used  by  him  related 
to  binding  the  grain  centrally,  and  consists  essentially  of  the 
delivery  apparatus  of  the  harvester  delivering  a  stream  of  grain 
continuously  to  a  binding  receptacle,  an  automatic  binder  work 
ing  in  the  receptacle  to  separate  the  stream  into  gavels,  and 
adjustable  bodily  along  the  end  of  the  delivery  apparatus. 

Another  and  fifth  essential  feature  related  also  to  binding 
the  grain  centrally,  and  consists  essentially  of  the  delivery 
mechanism  and  the  wind-board  secured  to  the  harvester  and 
overlying  the  receptacle  to  form  an  end  wall,  marking  the  butts 
of  the  bundle  while  the  receptacle  adjusts  beneath. 

The  sixth  essential  ieature  related  to  the  separating  of  grain 
into  bundles,  and  consists  essentially  of  ledges  on  either  side  of 
the  mouth  of  the  throatway  of  the  receptacle,  into  which  the 
separator  or  needle-arm  passes.  The  ledges  hold  back  the 
stream  of  grain  and  prevent  it,  however  entangled  with  the 
bundle,  from  following  it  and  being  dragged  down  into  the 
throatway  back  of  the  needle-arm  or  back  of  the  separator, 
which  is  inclined  to  clog  the  band  securing  mechanism  or  to 
choke  down  the  machine. 

The  seventh  essential  feature  related  to  the  forming  and 
combing  of  the  bundle,  and  consists  essentially  of  springs  on 
either  side  of  the  binding  receptacle,  near  its  tail,  which  hold 
and  straighten  the  forming  bundle  and  comb  it  on  its  discharge 
of  straggling  grain,  which  would  otherwise  discharge  or  follow 
the  bundle  to  the  ground. 

The  eighth  essential  feature  related  to  a  method  of  supporting 
and  sizing  the  bundle,  and  consists  essentially  of  a  spring  pawl 
or  detent  which  holds  the  binder  when  uncoupled  from  the 
harvester,  and  not  otherwise  held  from  retrograde  motion  or 
other  displacement  of  the  needle-arm  and  other  parts  of  the 
machine. 

The  ninth  essential  feature  related  to  the  separating  of  the 
cut  from  the  uncut  grain,  and  consists  essentially  of  a  divider 
having  its  outer  line  leading  the  cut  grain  onto  the  horizontal 
carrier.  This  invention  overcame  the  difficulty  incident  to  the 
use  of  the  horizontal  canvas  apron  which  took  the  grain  from 
the  cutters  laterally  to  the  elevating  mechanism  of  the  machine.  ^ 
This  endless  carrier  is  a  simple  canvas  apron  provided  with  no 
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adequate  means  for  attacking  the  cut  grain  when  separating  it 
from  the  uncut  or  standing  grain. 

The  tenth  essential  feature  related  to  a  yielding  or  elastic 
compressing  arm  of  a  grain  binder,  and  consists  essentially  of 
a  cam  arm,  a  spring  arm,  and  interposed  spring  to  operate  the 
compressor. 

All  of  these  features,  with  the  possible  exception  of  the 
eighth,  the  ninth,  and  the  last,  the  pawl  and  ratchet,  the  shoe 
bracket,  and  the  compressor,  have  been  and  are  used  on  all 
successful  automatic  binding  harvesters,  and  are  absolutely 
essential  on  any  one  of  them.  Other  features  of  less  impor- 
tance invented  by  Mr.  Locke  have  gone  into  partial  use,  and 
many  other  features,  very  important  and  fundamental,  allowed 
to  him  on  the  reissue  of  poorly  drawn  and  defectively  drawn 
patents,  have  been  impliedly  declared  void  and  worthless. 

Grain  binders  of  his  invention  and  made  under  his  authority, 
and  corresponding  substantially  to  a  certain  patent,  were  built 
from  1869  to  1881.  In  1878  over  5,000  machines  were  built  and 
sold,  and  from  this  time  forward  medals,  awards,  prizes,  di- 
plomas, cups,  and  money  flowed  in  as  the  result  of  successful 
competitions.  During  that  entire  period  as  many  as  30,000  were 
manufactured  by  the  Wood  Company.  Many  thousands  of  ma- 
chines have  been  built  since  then  under  his  direction  and  in- 
volving five  claims  or  more  of  that  same  patent  Since  1875, 
probably  in  the  neighborhood  of  3,000,000  machines,  embody- 
ing the  claims  aforesaid,  have  been  built  by  others. 

Mr.  Locke  severed  his  connection  with  the  manufacturing 
company  in  1880.  He  was  a  victim  of  the  decisions  of  that 
period  by  the  Supreme  Court  concerning  the  rights  which  at- 
tached to  inventors  upon  the  reissuing  of  their  original  patents, 
and  in  consequence  of  somewhat  of  controversy  which  arose  as 
to  the  use  of  Mr.  Locke's  name  in  connection  with  his  inven- 
tions manufactured  by  other  persons,  he  identified  himself  with 
a  harvester  factory  of  his  own  in  1881-83. 

He  was  president  of  the  Hoosick  Falls  Electric  Light  and 
Power  Company  1887-89,  having  surveyed  and  laid  out  its 
water-power  and  electric-light  plant  At  the  time,  however, 
that  he  connected  himself  with  the  Society,  at  its  Providence 
meeting  in  1891,  he  had  practically  retired  from  professional 
work  other  than  the  supervision  of  the  working  of  the  inven- 
tions which  he  had  made.     In  addition  to  the  harvesting  ma- 
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chinery  with  which  he  is  best  known,  he  had  taken  out  100 
other  patents,  eovering  railroad  couplings  and  permanent  way, 
fabric-testing  machinery,  hop-picking  machinery,  underground 
conduits,  etc.  His  steel-link  belting  was  one  of  the  things  on 
which  he  was  engaged  at  the  time  of  his  death. 

For  several  years  Mr.  Locke  had  been  in  an  enfeebled  physi- 
cal condition,  and  his  final  sickness  was  caused  by  a  cold  which 
developed  into  congestion  of  the  lungs. 

ROBERT   EMORY  MARSBALL. 

Mr.  Marshall  was  born  at  Leeds,  England,  September  4,  1862, 
at  which  time  his  father  was  United  States  consul  in  that  city. 
Upon  the  return  of  his  father's  family  to  America  and  during 
his  early  manhood  he  received  preparatory  education  at  the 
Columbian  University  in  Washington,  D.  C,  and  in  1881  he 
became  an  apprentice  with  the  Pennsylvania  Bail  way  at  the 
Altoona  shops.  His  ability  and  diligence  secured  for  him  the 
appointment  as  assistant  road  foreman  of  engines,  and  in  1890 
superintendent  of  motive  power  on  the  Philadelphia,  Wilmington 
and  Baltimore  Bailroad.  In  1895  he  became  superintendent  of 
the  Altoona  division  on  the  main  line.  His  taste  lay  in  the 
transportation  department  of  railroad  work,  and  he  was  con- 
sidered to  have  a  bright  future  before  him.  His  death  took 
place  November  30,  1896,  in  Washington,  D.  C,  at  the  home  of 
his  brother,  during  an  acute  attack  of  melancholia,  the  result  of 
nervous  prostration  from  overwork.  He  joined  the  Society  in 
November,  1890. 

DAVID   LEONARD   BARNES. 

Mr.  Barnes  was  bom  August  23,  1858,  at  Smithfield,  E.  L, 
near  Providence.  His  father  died  when  the  son  was  but  eleven 
years  of  age,  and  young  Barnes  became  the  man  of  the  family. 
His  education  was  obtained  in  the  high  school,  and  at  fifteen 
years  of  age  he  began  his  professional  work  with  a  civil  engi- 
neer, and  was  a  surveyor  for  three  years  in  the  field  and  on  city 
work.  In  1876  he  entered  Brown  University  at  Providence,  and 
was  for  part  of  a  term  a  special  student  at  the  Massachusetts 
Institute  of  Technology  of  Boston.  His  predilection  for  the 
locomotive  took  him  into  the  shops  of  the  Bhode  Island,  the 
Hinckley,  and  the  Rome  works,  and  he  spent  eight  years,  from 
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1879  to  1887,  at  this  work,  ending  as  chief  draughtsman  and 
mechanical  engineer  for  the  Khode  Island  Company.  He  was 
also  beginning  at  this  time  his  practice  as  consulting  engineer. 
In  December,  1888,  he  joined  the  editorial  staff  of  the  Railtmy 
Oazefte  of  New  York,  and  up  io  the  time  of  his  death  main- 
tained an  engineering  office  in  Chicago,  with  a  New  York  City 
connection.  He  was  identified  as  consulting  engineer  with  the 
Baldwin  Locomotive  Works  and  the  Westinghouse  Electrical 
and  Manufacturing  Company  in  designing  a  set  of  standard  elec- 
tric locomotives,  and  was  consulting  engineer  for  the  Chicago 
and  South  Side  Bapid  Transit  Company.  He  was  a  frequent 
and  valued  contributor  to  the  transactions  of  the  railway  socie- 
ties and  to  the  national  societies  of  engineers. 

He  became  a  member  of  the  Society  at  its  Scranton  meeting, 
October,  1888.  In  1896  his  health  showed  indications  of  fail- 
ure, but  no  one  suspected  its  ultimate  fatal  character.  He 
made  a  trip  to  Europe  in  search  of  rest,  but  on  his  return  his 
strength  declined  slowly,  and  he  passed  away  December  -15, 
1896,  in  New  York  City. 

FRANCIS  A.   WALKER. 

General  Walker  was  bom  in  Boston,  Mass.,  July  2,  1840. 
His  father,  Amasa  Walker,  was  a  member  of  Congress  and  a 
professor  with  rare  inteUectual  attainments,  and  was  distin- 
guished as  a  writer  on  political  economy. 

When  the  war  of  1861  broke  out  Mr.  Walker  was  a  law 
student  in  the  office  of  Devens  &  Hoar,  in  Worcester,  having 
graduated  from  Amherst  in  the  class  of  1860.  He  enlisted 
promptly  and  became  sergeant-major  of  the  Fifteenth  Massa- 
chusetts Infantry,  passing  successively  through  the  grades  of 
captain,  major,  and  lieutenant-colonel,  brevet  colonel,  and  bre- 
vet brigadier-general  of  volunteers.  He  became  chief  of  staff 
with  General  Hancock,  and  at  Gettysburg  held  the  rank  of 
lieutenant-colonel.  His  sufferings  during  six  weeks  in  Libby 
prison  incapacitated  him  for  further  field  service  after  his 
release,  but  he  was  brevetted  a  brigadier-general  by  General 
Hancock's  request.  Immediately  after  the  war  he  married,  and 
was  for  three  years  teacher  in  Williston  Seminary.  He  served 
on  the  editorial  staff  of  the  Springfield  Repuhlican^  and  was  for 
two  years  deputy  special  commissioner  of  United  States  revenue. 
He  was  superintendent  of  the  census  in  1870  and  in  1880,  and 
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commissioner  of  Indian  Affairs  in  1871-72.  In  1872  the  profes- 
sorship of  political  economy  was  fpunded  at  Tale  University, 
and  until  1881  he  filled  this  chair.  In  1881  he  was  called  to 
the  presidency  of  the  Massachusetts  Institute  of  Technology  in 
Boston,  where  he  introduced  the  studies  of  history  and  political 
economy  into  an  institution  founded  for  distinctly .  technical 
purposes,  and  was  its  president  during  its  period  of  most  active 
and  successful  development  He  was,  besides,  for  two  years 
lecturer  in  Johns  Hopkins  University  in  Baltimore,  and  for  a 
short  time  university  lecturer  at  Harvard.  He  received  degrees 
from  more  institutions  of  learning  than  any  American  of  his 
time.  He  was  chief  of  the  Bureau  of  Awards  at  the  Cen- 
tennial Exhibition  in  1876,  a  commissioner  to  the  International 
Monetary  Conference  in  1878,  president  of  the  American  Eco- 
nomic Association  in  1880,  and  was  at  his  death  a  member  of  the 
National  Academy  of  Sciences.  One  of  his  interesting  sugges- 
tions was  the  publication,  in  connection  with  the  census  of  1880, 
of  special  monographs  on  subjects  connected  with  power  and 
manufactures ;  and  many  of  these  contributions  are  most  inter- 
esting and  valuable.  He  was  made  an  honorary  member  of  this 
Society  in  1886,  following  the  successful  Boston  convention  of  the 
Society  the  previous  winter,  whose  sessions  were  convened  at  the 
Institute,  and  he  passed  away  January  5,  1897,  from  apoplexy. 

His  contributions  to  literature  were  almost  entirely  in  the 
field  of  economics,  and,  besides  a  great  number  of  occasional 
addresses,  include :  "  The  Compendium  of  the  Ninth  Census," 
"  The  World's  Fair,"  **  A  Critical  Account  of  the  Philadelphia 
Exhibition,"  "  Statistical  Atlas  of  the  United  States,"  ''  Some 
Kesults  of  the  Census  of  1870,"  "United  States  Centennial 
Commission-Awards  in  National,  State,  and  Other  Collective 
Exhibits,"  "  Compendium  of  the  Tenth  Census,"  "  Land  and  Its 
Kelations  to  Bent,"  "  The  Indian  Question,"  "  Growth  and  Dis- 
tribution of  Population,"  "Address  at  Soldiers'  Monument 
Dedication  at  North  Brookfield,"  *'*  Money,"  "  Money  and  Its 
Kelation  to  Trade  and  Industry,"  "Principles  of  Political 
Economy,"  and  "  History  of  the  Second  Army  Corps  in  the 
Army  of  the  Potomac." 

JOHN   BARNWELL  CLEMENTS. 

Mr.  Clements  was  born  in  London,  England,  in  1851.  His 
parents  came  to  America  in  1859,  and,  settling  in  St.  Louis,  his 
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first  education  was  received  in  that  city.  After  graduation  from 
the  Si  Louis  University  he  entered  the  Iron  Mountain  system, 
and  worked  himself  up  from  a  very  subordinate  position  until 
he  reached  in  a  few  years  the  grade  of  chief  engineer;  and 
upon  the  company's  consolidation  with  the  Missouri  Pacific 
system  he  became  principal  assistant  engineer  for  the  entire 
group  of  roads.  While  in  these  relations  he  was  the  immediate 
supervisor  of  the  construction  of  the  Oak  Hill  or  Carondelet 
branch.  In  1889  he  resigned  from  the  railway  service  to  be- 
come vice-president  and  general  manager  of  the  Christy  Fire 
Clay  Company,  and  was  also  president  of  the  St.  Louis  Sanitary 
Company,  and  largely  interested  in  other  industrial  enterprises 
of  his  city.  He  made  a  principal  specialty  of  adapting  refractory 
material  to  specially  exacting  conditions,  such  as  arise  with 
special-fluxes  and  with  the  high  temperatures  met  in  the  manu- 
facture of  glass. 

Too  close  application  to  business  and  the  great  number  of 
engagements  which  his  very  successes  in  his  profession  liad 
grouped  about  his  life  compelled  him,  in  November,  1896,  to 
retire  in  search  of  health  to  the  Hot  Springs  of  Arkansas.  It 
is  supposed  that  in  a  fit  of  mental  depression,  incident  to  his 
physical  state,  he  took  his  life  by  his  own  hand,  March  17, 1897. 
He  connected  himself  with  the  Society  previous  to  the  St.  Louis 
convention  of  1896,  in  which  he  took  active  interest. 

JOHN  PIEESE  HALLOCK. 

Mr.  John  Keese  Hallock  was  bom  at  Chagrin  Falls,  O., 
April  25,  1844  His  father  had  been  one  of  the  early  settlers  of 
Erie  County  in  1820,  to  which  they  had  moved  from  their  old 
and  early  location  on  Long  Island.  As  the  son  of  a  Methodist 
minister,  Mr.  Hallock's  education  was  carried  on  in  a  number 
of  diflferent  places,  but  was  completed  in  1862  at  the  Academy 
in  Waterford,  after  which  he  took  up  the  study  of  law,  and  was 
admitted  to  the  bar  in  Ohio  in  1865,  and  in  Pennsylvania  in 
1867.  He  was  for  one  year  in  the  office  of  the  Hon.  A.  B. 
Richmond,  of  Meadville.  In  1868  he  selected  Erie  as  the  centre 
for  his  practice,  which  a  certain  mechanical  taste  early  directed 
into  the  channels  of  the  patent  attorney,  and  in  wliich,  besides 
the  usual  professional  success,  he  is  signalized  by  certain  inven- 
tions of  his  own  in  the  lines  of  industrial  chemistry,  steam,  and 
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electrical  engineering.  Mr.  Hallock  was  a  deputy  United  States 
marshal  from  1869  to  1870,  and  one  of  the  alternate  commis- 
sioners for  his  State  to  the  fair  of  1893.  He  connected  himself 
with  the  Society  at  its  Scranton  meeting  in  1889  in  the  asso- 
ciate grade,  and  passed  away  April  %  1897,  from  heart  disease, 
after  two  years  of  sufferii^g  and  practical  retirement  from  active 
business. 

THEODORE   REN'O   FOSTER. 

Mr.  Foster  was  bom  April  6, 1865,  at  Fitchburg,  Mass.  After 
the  usual  preparatory  public  school  training,  he  received  the 
degree  of  B.S.  at  the  Institute  of  Technology  in  June,  1830,  and 
immediately  upon  graduation  entered  the  Canadian  Locomotive 
Works  at  Kingston,  Oni,  in  the  drawing  room,  from  which  he 
was  transferred  the  following  year  to  the  drawing  room  of  the 
Chicago,  Burlington  and  Quincy  Railroad  at  Aurora,  111.,  and 
wap  promoted  to  the  assistant  master  mechanic  in  1888.  In  the 
following  year  he  was  transferred  to  Galesburg,  111.,  but  in  1894, 
on  account  of  failing  health,  he  was,  at  his  own  request,  trans- 
ferred from  Galesburg,  111.,  to  Billings,  Mont.,  taking  charge  of 
the  mechanical  department  of  the  Billings  line,  a  part  of  the 
Burlington  system.  In  1896  he  was  made  mechanical  engineer 
of  the  Denver  and  Rio  Grande  Railroad,  with  headquarters  at 
Denver,  but,  his  health  failing,  he  was  compelled  in  February, 
1897,  to  retire  from  his  ch.osen  business,  and  he  died  at  his  home 
in  Boston,  April  15, 1897,  from  consumption.  He  became  a  mem- 
ber oi  the  Society  at  the  New  York  meeting  of  1892. 

GE0«GE   H.   PIATT. 

Mr.  Piatt  was  born  May  7,  1854,  in  New  Haven,  Conn.  After 
the  usual  preparatory  school  training,  he  became  an  apprentice 
in  the  machine  shops  of  the  New  York,  New  Haven  and  Hart- 
ford Railroad  in  his  native  town,  taking  evening  instruction  in 
mathematics  and  drawing.  He  sowed  three  years  as  journey- 
man, one  year  on  the  road,  four  years  as  foreman  of  the  erecting 
gang,  and  eight  years  as  foreman  at  the  engine-house  and  repair 
shops  at  the  Harlem  River  station  of  the  New  Haven  road.  He 
was  in  that  relation  when  he  connected  himself  with  the  Society 
in  November,  1889.  Since  that  time  he  has  been  in  various 
departments  of  professional  work,  and  at  the  time  of  his  death 
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was  engaged  as  assistant  master  meebanic  of  the  Panama  Bail- 
way,  with  headquarters  at  Colon,  on  the  isthmus,  receiving 
proper  remuneration  and  fully  enjoying  a  return  to  his  old  spe- 
cialty. He  contracted  a  severe  and  rapid  case  of  yellow  fever 
in  some  unexplainable  way,  and  died,  after  a  brief  illness.  May 
23,  1897. 

-JOHN   HALDEMAN   COOPER. 

In  the  death  of  Mr.  John  Haldeman  Cooper  there  has  passed 
away  from  the  ranks  of  the  mechanical  engineers  one  of  its 
widely  known  veterans.  He  was  bom  at  Columbia,  Lancaster 
County,  Pa.,  February  24,  1828.  His  parents  were  Quakers. 
He  exhibited  the  tendency  to  mechanical  pursuits  even  as  a  lad, 
devoting  many  of  his  early  years  to  working  both  in  wood  and 
metal  and  at  carpentering  and  machine  making ;  but  his  pro- 
fessional career  may  be  said  to  have  begun  in  Baltimore  in  con- 
nection with  the  Northern  Central  Railway,  and  later  in  the 
drawing  room  of  A.  &  C.  Reeder,  1851-52.  He  served  three 
years  as  draughtsman  in  the  Norris  Works  at  Norristown,  Pa.,  on 
mining  and  general  machinery,-  and  for  several  years  on  agricul- 
tural machinery,  in  patented  inventions,  and  in  the  water  de- 
partment of  Philadelphia. 

When  the  Civil  War  broke  out  he  found  a  scope  for  his  talents 
as  an  engineer  in  charge  of  the  installation  of  the  machinery  in 
the  United  States  monitors  Lehigh,  Sangamon,  Monadnock,  and 
Agameniiciis  during  his  one  and  three-quarter  years'  connection 
with  the  I.  P.  Morris  Company.  Toward  the  close  of  the  war 
he  associated  himself  with  Mr.  Jacob  Naylor,  with  whom  he 
remained  seventeen  and  one-half  years.  During  this  period  he 
produced  some  of  the  earliest  examples  of  s':ationary  compound 
engine  work.  In  1881  he  took  a  trip  to  California  for  the  sake 
of  his  health,  where  he  remained  three  years,  and  on  his  return 
became  connected  with  the  Southwark  Foundry  and  Machine 
Company,  with  whom  he  remained  until  1891.  He  became  con- 
nected during  these  seven  years  with  some  very  large  work,  par- 
ticularly the  centrifugal  pumping  plant  for  the  United  States 
Navy  Yard  at  Mare  Island,  Cal.  Since  1891  Mr.  Cooper  has 
been  consulting  engineer  and  expert,  giving  special  attention  to 
the  division  of  power  plant  practice  which  is  connected  with  the 
cooling  of  condensing  water. 
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Mr.  Cooper  is  perhaps  as  well  known  for  his  treatises  on 
belting  as  for  any  other  of  his  literary  achievements.  He  was 
a  member  of  the  Franklin  Institute,  and  has  served  on  its  Com- 
mittee on  Science  and  Arts  for  many  years,  which  gave  him  an 
opportunity  to  prepare  monographs  of  conspicuous  merit ; 
reports  on  compound  locomotives  and  on  the  new  forms  of  im- 
pulse water  wheel  are  perhaps  those  of  greatest  note.  He  also 
contributed  several  papers  of  interest  to  the  Society's  Transac- 
tions, He  connected  himself  with  the  Society  in  May,  1880,  and 
has  thus  the  distinction  of  being  one  of  its  charter  members. 
He  died  at  his  home  in  Philadelphia,  May  9,  1897. 

JAMES  EDMUND  GRIST. 

Mr.  James  Edmund  Grist  was  born  October  10,  1864,  at 
Wolverton,  England.  After  a  preparatory  education  in  public 
school  and  home  study,  he  was  apprenticed  at  engine  building 
and  repair  work  with  B.  W.  Grist  &  Company,  of  Beading,  Pa., 
in  1879,  and  after  three  years  in  the  shop  was  promoted  to  the 
drawing  room  and  was  made  foreman  of  the  machine  shop  in 
1884.  In  1887  he  removed  to  Philadelphia  and  was  employed 
as  foreman  of  a  machine  shop  of  the  Pennsylvania  Iron  Works. 
Was  made  general  foreman  in  1890,  and  superintendent  in  1892. 
This  position  he  held  until  the  time  of  his  death,  which  occurred 
May  22, 1897. 

He  connected  himself  with  the  Society  in  1890  as  a  junior 
member,  and  was  promoted  to  full  membership  in  1893. 

DE   VOLSON  WOOD. 

De  Volson  Wood  was  bom  near  Smyrna,  N.  T.,  in  1832.  His 
early  education  was  that  of  the  public  school,  with  an  additional 
six  weeks  in  a  private  academy  and  two  terms  in  Cazenovia 
Seminary.  In  1849  he  began  teaching,  with  which  he  has  been 
occupied  ever  since,  his  subsequent  education  being  received 
while  he  was  himself  instructing.  Mr.  Wood's  first  charge  was 
at  Smyrna,  his  native  town,  where  he  taught  for  three  terms. 
Desiring  to  continue  his  education,  he  then  went  to  the  Albany 
State  Normal  School,  continuing,  however,  his  work  as  instructor, 
and  graduated  thence  in  1853.     He  then  obtained  his  first  posi- 
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tion  as  principal  in  the  Napanocli  School,  Ulster  County,  N.  T., 
and  there  commenced  teaching  one  week  after  his  graduation. 
Beturning  to  the  closing  exercises  of  the  Albany  Normal  School 
during  a  week  of  vacation,  the  first  he  had  had  since  he  com- 
menced teaching  in  1849,  Mr.  Wood  was  greeted  by  the  princi- 
pal with  the  oflfer  of  an  assistant  professorship  in  mathematics. 
This  oflfer  he  accepted,  and  at  the  beginning  of  the  next  scholas- 
tic year  Professor  Wood  (as  he  now  became)  was  a  member  of 
the  faculty  of  the  school  from  which  he  had  graduated  one  year 
before.  Still  being  desirous  of  extending  his  studies,  after  a 
year  at  the  Albany  Normal  School  he  went  to  the  Rensselaer 
Polytechnic  Institute,  Troy,  in  1855,  entering  the  junior  class, 
but  still  did  not  give  up  teaching,  as  the  preparatory  depart- 
ment of  the  institute  was  being  organized  at  that  time,  and  he 
was  asked  to  take  charge  of  the  mathematical  studies  of  the 
preparatory  students.  He  was  thus  enabled  to  pay  for  his 
entire  educatipn  by  the  proceeds  of  his  teaching.  On  gradu- 
ating at  Troy  with  the  degree  of  C.E.,  Professor  Wood  went 
West;,  although  in  rather  troublous  times,  with  introductions 
from  the  principals  of  the  Albany  and  Troy  schools,  hoping  to 
obtain  a  position  in  Chicago.  Advised  by  a  friend  to  go  by 
way  of  the  lakes  instead  of  by  rail,  he  stopped  for  a  few  days  at 
Detroit  and  went  to  see  the  tjniversity  of  Michigan  buildings  at 
Ann  Arbor.  After  hearing  President  Tappan,  of  the  university, 
lecture.  Professor  Wood  introduced  himself,  and  was  told  of 
the  non-appearance  of  a  recently  appointed  professor  of  civil 
engineering.  He  consented  to  take  the  professor's  place  for  a 
few  days,  and  remained  there  fifteen  years,  receiving  during  that 
time  the  honorarj-  degrees  of  A.M.  and  M.Sc.  from  Hamilton 
College  and  the  University  of  Michigan,  respectively.  During 
this  time  he  organized  the  department  of  civil  engineering  at 
Ann  Arbor,  which  is  still  a  noted  one,  and  retains  evidences  of 
his  work,  and  among  the  since  prominent  men  then  under  him 
were  Brush  of  electric  fame  and  Professor  Webb  of  Stevens 
Institute.  A  record  of  Professor  Wood's  journey  westward,  the 
queer  chance  which  led  to  the  obtaining  of  his  University  of 
Michigan  professorship,  and  his  trials,  financial  and  otherwise, 
in  his  early  work  there  before  he  obtained  his  full  status  as  a 
professor,  would  form  a  most  interesting  history.  Indeed  noth- 
ing but  lack  of  space  prevents  us  recounting  more  of  the 
delightful  autobiographical  anecdotes  courteously  related  to  our 
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reporter  in  a  most  entertaining  interview.  At  about  the  time 
when  the  original  building  of  Stevens  Institute  was  completed, 
Professor  Wood,  by  invitation  of  President  Morton,  came  down 
to  look  over  the  prospects  of  the  new  venture.  Shortly  after 
his  return  to  Ann  Arbor  he  received  an  oflfer  of  a  professorship 
of  mathematics  and  mechanics,  and  a  desire  to  return  East  made 
him  at  once  accept.  The  faculty  of  the  University  of  Michigan, 
however,  on  hearing  of  his  acceptance,  at  once  increased  his 
salary  by  five  hundred  dollars,  and  personally  escorted  him  to  a 
telegraph  office  that  he  might  telegraph  a  recall  of  his  accept- 
ance. Events  in  the  ensuing  .year,  however,  caused  Professor 
Wood  to  resolve  that  a  repetition  of  such  an  oflfer  should  not  be 
passed  over  so  lightly,  so  a  second  oflfer  from  the  Stevens  trus- 
tees one  year  later  caused  his  advent  in  J  872  to  Stevens  Insti- 
tute, where  he  has  faithfully  labored  ever  since.  Possibly  the 
greatest  satisfaction  to  Professor  Wood  is  the  success  he  has 
had  in  the  class-room.  Many  of  his  pupils  have  returned,  years 
after  graduation,  to  compliment  him  on  his  success.  Mr.  Brush, 
the  electrician,  says,  '*  Prof.  DeVolson  Wood  got  more  genuine 
study  out  of  me  than  any  other  teacher  I  ever  was  under."  The 
American  Mathematical  Monthly  says : 

"  The  civil,  mechanical,  and  electrical  engineers,  architects, 
railroad  managers  and  presidents,  college  professors  and  presi- 
dents, etc.,  who  formerly  were  Professor  Wood's  students,  and 
who  now  are  scattered  over  the  whole  world,  would,  if  simul- 
taneously rounded  up,  form  the  most  intelligent  army  that  ever 
moved  on  the  face  of  this  mundane  sphere." 

Some  years  ago  Professor  Wood  went  on  a  trip  through  New 
Mexico  and  Colorado,  and  in  the  whole  course  of  his  journey 
he  found  that  he  only  stopped  at  one  place  where  he  could  not 
have  been  immediately  identified  at  a  bank  by  one  of  his  former 
pupils. 

Professor  Wood  was  a  member  of  the  American  Society  of 
Civil  Engineers  from  1871  to  1885.  He  has  been  a  member  of 
the  American  Association  for  the  Advancement  of  Science  since 
1 879,  and  he  was  the  vice-president  of  this  association  in  1885. 
He  was  a  member  of  the  American  Mathematical  Society,  and  an 
honorary  member  of  the  American  Society  of  Architects  ;  he  was 
the^r^^  president  of  the  Society  for  the  Promotion  of  Engineer- 
ing Education,  and  was  the  engineer  of  the  Ore  Dock,  Mar- 
quette, Mich.,  in  1864.     He  was  the  inventor  of  "  Wood's  Steam 


MEMBERS  DECEASED   DURING   THE   YEAR.  1109 

Bock  Drill,"  1866  and  later ;  and  he  was  also  the  inventor  of 
other  machinery. 

In  addition  to  being  one  of  the  pioneers  of  modem  engineering 
theory  and  instructions,  comparatively  late  in  life  he  took  up  a 
new  subject,  thermodynamics,  upon  which  he  has  written  a  most 
useful  book. 

Among  the  articles  contributed  by  Professor  Wood  to  various 
magazines,  books,  etc.,  may  be  mentioned  "  Alligation,"  to  the 
New  York  Teacher,  and  highly  commended  in  Brook's  History 
of  Arithmetic ;  "Foundations,"  in  Johnson^ s  Cyclopedia  of  Me* 
ch antes,  in  Appletons  Cyclopedia  of  Mechanics  ;  "  Luminiferous 
Aether,"  in  the  London  Philosophical  Magazine  and  in  Van 
Nostrand's  Science  Series,  No.  85,  and  "  Badiant  Heat  Not  an 
Exception  to  the  Second  Law  of  Thermodynamics,"  in  the 
Affierican  Engineer, 

He  has  contributed  to  the  American  Mathematical  Monthly,  to 
the  Michigan  Journal  of  Education;  the  Journal  of  the  Eranklin 
Institute^  the  Railroad  Gazette,  the  Mining  and  Engineering 
Journal,  the  National  Educator*,  the  Mathematical  Visitor,  the 
Analyst,  Van  Nostrand's  Engineering  Magazine,  the  Elucational 
Notes  and  Queries^  the  American  Engineer,  Science,  the  Annals 
of  Mathematics,  the  Xew  England  Journal  of  Elucation,  the 
Mathematical  Magazine,  the  Engineer,  the  Barneses  Educational 
Monthly,  the  Mathematical  Messenger,  and  an  article  to  the 
American  Machinist  which  was  largely  quoted  by  prominent 
European  engineering  magazines,  and  is  the  author  of  the  fol- 
lowing books :  TrusupH^  Bridget*,  and  Hoofs,  published  in  1872  ; 
Wood^s  Eliiion  of  Mahans  Ciril  Engin/ceriug,  published  in 
1873 ;  Treatise  on  the  Resixiance  of  Material,  published  in 
1S73 ;  TJie  Elements  of  Analytical  Mechanirn^  published  in  1876  ; 
Wood^s  Edition  of  Magnus^  Lexftous  in  EleinenUvry  MecJu/jiv'M, 
published  in  1S78;  Coordinate  Geometry  and  Quaternions,  pub- 
lished in  1S70;  K*y  and  Sttppl^ment  to  the  Elements  of  MfchanicJt 
and  K'-y  and  S^ipplement  to  the  M^^hanim  of  Elnidf*,  both  pub- 
lished in  1>84;  Trigonomdry,  published  in  1>5^5 ;  Th^rmo^Iy 
natui^'M.  published  in  1S87  and  enlarged  in  1^S9  ;  and  Tnrhiues. 
published  in  1^95. 

ProfesH^>r  TSVkxI  joined  the  Society  in  Mar,  1887.  Advancing 
age  and  infirmities  had  V>een  interfering  with  his  active  service, 
but  his  death,  June  27,  1897,  was  sadden  and  unexpected  at 
the  last 
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HENRY   B.    STONE. 

Mr.  Stone  was  born  in  New  Bedford,  Mass.,  September  4, 
1851.  After  preparing  for  Harvard  at  Phillips  Academy,  he 
graduated  in  1873,  and  at  once  entered  the  shops  of  the  Boston 
Manufacturing  Company  at  Waltham.  Finding  a  need  for  ad- 
vanced training,  he  became  a  student  at  the  Massachusetts 
Institute  of  Technology  during  1876-77,  and  in  1877  entered 
the  ordnance  foundry  of  the  South  Boston  Iron  Company.  His 
best  early  fame  was  won  on  the  Chicago,  Burlington  and  Quincy 
Railway,  which  he  entered  at  the  Aurora  shops,  and  in  which 
he  moved  steadily  upward,  becoming  superintendent  of  rolling 
stock  and  division  superintendent,  and  in  1881,  moving  to  Chicj^o, 
was  made  general  manager  and  second  vice-president.  In  May, 
1890,  he  left  railroading  to  become  president  of  the  Chicago 
Telephone  Company  and  the  Central  Union  Telephone  Com- 
pany, and  later  also  the  president  of  the  Bell  Telephone  Com- 
pany of  Missouri.  These  positions  he  resigned  July  1,  1897, 
and  his  sudden  death  on  July  5th  was  the  result  of  a  most 
deplorable  accident  from  the  premature  discharge  of  a  firework. 
He  became  a  member  of  the  Society  at  its  outset  in  April,  1880. 
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